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«nt l: WO, 98/32423, Al (Takeda Chemical Industries, 
Ltd.), 30 July 1998 

WO, 96/22786, Al (Takeda Chemical Industries, 
Ltd.), 1 August 1996 



Document 2 : 



Claims 1-15 and 22 ic ,„ ar ._ 

The inventions described in Claims 1-15 and 22 are 
novel and involve an inventive step relative to Documents 
1 and 2 cited in the international search report. 

Neither' Document 1 nor Document 2 discloses 
sustained release compositions containing (1) a 
physiologically active substance or a salt thereof, 
hydroxynaphthoic acid or a salt thereof, and.,3, lactrc 
acid/glycolic acid polymer or salt thereof rn 

he weight average molecular weight 
guantity of carboxyl end groups per unit mass rs 
certain range, or a salt thereof (the af orementroned three 
ingredients are referred to hereafter as the -three 
specified ingredients"). Moreover, by including the 

orementioned three specified ingredients, 
described in these claims offer the advantageou effect 
that excess initial release of the physiologically active 
substance is controlled, giving persistent release over an 
unusually long time 
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The inventions described in Claxms 16-19 are novel 

. ^ rP i. t ive to Documents 1 ana 
and involve an inventive step relative 

2 eited in the international seareh report. 

Neither Document 1 nor Document 2 cited in the 
international searoh report discloses a process for 
product a gradual release composition by removing the 
solvent from a mixed solution of the aforementioned three 
p c fied ingredients, nor could this he deduced easily by 

p rson sailed in the art, since the gradual release 
substances containing said three specified ingredients 
which are the object of the production process are 
known . 



Claims 20 and 21 

The inventions described in Claims 20 and 21 are 
novel and involve an inventive step relative to Documents 
1 and 2 cited in the international search report. 

Neither Document 1 nor Document 2 discloses a 
pharmaceutical include a gradual release <»*»"™ 
containing the aforementioned three specified - «< 
nor could this be deduced easily by a person skilled in 
the art. since gradual release substances containing sad 
three specified ingredients enveloping a pharmacologically 
active ingredient are not known. 



Claim 11 invention described in Claim 23 is novel and 
involves an inventive step relative to Documents 1 and 
cited in the international search report. 

Neither Document 1 nor Document 2 discloses a 
gradual release composition containing a 
active substance or a salt thereof, the specific hydroxy 
naphthoic acid l-hydroxy-2-naphthoic acid or a salt 
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ove the choice of said specific hydroxynapht o,c 
acid as an ingredient of a gradual release compos.tron x. 
not obvious within the art. 
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supported by the description, are made: 




observations on the international application 



, and drawings or on the question whether the claims are fully 



Claim 23 



is not fully supported by the description. 



Observation 

The only biodegradable polymers described xn the 
description of the present application are lactic acid/- 
g lycolic acid polymers in which value for the weight 
average molecular weight multiplied by the quantity of 
carboxyl end groups per unit mass is within a certaxn 
range; no mention is made of other biodegradable polymers, 
and no examples thereof are given. 

The account in the description indicates that the 
gradual release of the physiologically substance is 
closely associated with the physical and chemical 
properties of the aforementioned three specified 
ingredients, and it is not obvious from knowledge of the 
art at the time of filing the present application that use 
of any other biodegradable polymer will offer the same 
effects as the aforementioned specified polymers. 
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( 6 ) «-kFD+->*M >BW#^?L« - ^ U n — ;W*a^*T* 581 

(5) %ett®1fcttttiU$*K 

(7) ?Lti^U3-;H©ffi)il : E^%^l 00/0 — 40/6 OTS^ 

(6) mttOffcttttttJ&tt* 

(8) AK£^U3-JWtt©»JBfc^-H'*rt t l 0 0/0Tfe5l (7) 

( 9 ) 3, 0 0 0-^1 0 0, 0 0 0f^(6) 

(10) ii¥W1^2 0, 0 0 0-5 0, 0 0 0X^-5^(9)^12 
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(11) LH-RHg|^75^ 
5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z 

[5£+, YfiDLeu, DAla, DTrp. DSerUBuK D2Nal DHis (ImBzl) 

ZttNH-C 1 H ( *fcttGly-NH t **"r. ]T«Sn§^5 1 HT&5i (3) mffii. 
5 <DMMm.J$Mi* 

(12) m^(D^(Dtt)i^~>)um&tm^w<Dm&:nm (^w 

0 5 (6) ^fE*c(Dt§d&ttifi£K#K 

(13) t HP + ^^hxBtSfcJi-tOittt LH-RHSIilW^Sfctt-tO*©^ 
;Ht^3^4?5:Vib4*f3T«.^m (3) WBffc©»tttt«Ud6*. 

10 (14) ffcttttftU&M'K LH-RH RW#*fctt-€-OttL*« 1 4 % (w/w) *624X 

(w/i)tw$nsi (i 3) mftm<D&mm.f&<to* 
(i 5) ^a»»it«i«*fc«*©4tt^ifcKfStt*fctt7K»ttT»4iB (i) m 

(i6) auffl-e&sifi (i) mm<D&WL*m.im)* 

15 (17) 41iStt«R4ftf»©«. feflcrt^MIHt#U'r— *fctt*0**«t 

t-rsm (i) 3SB««»ttttari£«»©»jfift. 

(2 0) MffittlD»0D«[*«ilE«ifta£*fcttattOl|[T?**m (l 7) £BB4K 

25 (DMltfe* 

(2 1) m (1) «E«©lfc8M*^tt£^WLT&5BaL 
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(22) m (3) mtam<D&&&mi&va&^mvTrjLZ>mALm&, m±imm± 
(2 3) ^mfe&mnot h*n+->t7 h ^zs^m^m^ uv- 

(2 6) iiffitt^^^HCh HD + yt7 hX^t, 

(27) *igtt£fcte^7k^tt-e&£m (2 6) me&mntkmmvk^y^w 

(2 8) 4Iffi^7fh'0k HD + yt7 hxtimUT^^Mftffi 

(2 8) mmm<D®&m&i&®. 

(3 0) SlffitUS^fctt^CDl^i^MtU, £#l*l##M£tfU 

sfut^&^jgu *^T^^^-r«.^i^#Mit-?»m (i7) mmm 

(3D t Kn^->t7 hx.m^tzit^(Dm.^tsm^\H^mtL, ±w&& 
mm. *fc tt^^^ct xs£.wnftm& ^ u £ tz. i&t <dm z-stsmm & mm 

7) ^IBtfeCD^tta^CD^jife, 
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(3 2) MJgtt'S:/3 t FSfctt-t<o£*<fctf t h*o*->t7 hx&i£fc«^ 

(3 3) »J«O»*iS50«*+<£«ftT»4» (3 0) (3 2) *0^i* 

HAW* L- < . 3 0 0-154 0, 0 0 0, L < tt*<J4 0 0 ~*<J 3 

0, 0 0 0, S5fc«ff£Ktt*l5 0 0~*52 0, OOOCtliStt^H 

H-RH) . -f >XUX V7hX^X ^fi^;P ; E>. jSfisfc;^ >Jfctti 

X>^r77U>> x>H)l/'7'<>> *Pat?h)l7'f>* ^7hy>, 1M ^ 
-fx^>, WWJX B^flHiKttH^ jfii+WIRB^ 

tttelSSB^ ttfl&iBlIB^ #*i**B^ x>f i t'J>feM5ft5 
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# ju* > & * a* l h - r h «sttT? » *> a & s & \zm&mmu e \z 

GnRH 7tP^:3>h7/VyX T>H A— X^^Zf 
(Treatment with GnRH analogs: Controversies and perspectives) 
7> /t7Uy»^ 7" (#0 (The Parthenon Publishing Group Ltd. ) 
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3gfTl996 ¥] > HI¥3-5 0 3 1 6 5#^«, *j#M¥3- 1 0 1 6 9 5^, 
IWI7-9 7 3 3 4^*5£tf|W]8-2 5 9 4 6 O^&ttfcffcBBHtSnTVi*'* 

LH-RH^tfrtLTIt LH-RH7iZ7 h ^.TzifL H- RHT >^ 
5 rfnT. hJ&^tf LH-RH7>^^-XhiLT(l — « 

* CI] 

X-D2Nal-D4ClPhe-D3Pal-Ser-A-B-Leu-C-Pro-DAlaNH, 

C^4>, XteN(4H 2 -furoyl)Gly SitkiNAc AteNMeTyr. Tyr, Aph(Atz), 
NMeAph(Atz)^£iik£tl-5g|g£, Btt DLys(Nic). DCi t, DLys (AzaglyNic) , 
10 DLys(AzaglyFur), DhArg(Et 2 ), DAph(Atz):feJ;tfDhCi fr£>Mte*lZ>m&&. C 
tt Lys (NispK Arg Sfctt hArg(Bt 2 ) *-tn-?n*T] T*b$n541ffitt^ 

LH-RH7i-7, hiltd CI I] 

5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z 
15 C^4>> YfiDLeu, DAI a, DTrp, DSer(tBu). D2Nal feitfDHis (ImBzl) £>jg 

(insj^s^. zttNH-c J H s sfcfiGiy-NH 1 *-€-n-?n^-r] -e^^n^^s 
m&^zf^Fmrciz-zrvi&tiiZibm^zn&o mz. DLeu t, z^nh-c 2 h 5 

■CSS^^H (BP'S, 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-CjH 5 

N(4H 2 -furoyl)Gly : N-^h^b Ko7n-f;^'Jy>Si 
25 NAc : N-T-fe^Ug 

D2Nal : D-3-(2-^-75 t ;W 77^>I1 
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D4ClPhe: D-3-(4-?DD) 7i^77->li 
D3Pal : D-3-(3-tfU^;U) 7=7~>&M 
NMeTyr : N-^^^a>->^S 

Aph (At z) : N- [5' - (3* -7 5 J -1 ' H-l ' , 2' . 4' - h U 7 V U ]7x^T5 
X>g|g 

NMeAph (Atz) : N-*9MU-[5' -(3* -75 y-l'H-l' . 2* . 4' - h U 7VU Ml 7i 

DLys(Nic) : D-te-N-xn^V-f )P) U-»^I 
Dcit : D—>h;i/U>^S 

DLys(AzaglyNic) : D-(71f ^xrngV-f ;P) U -»S2£ 
DLys(AzaglyFur) : D-(7"tf 'Jv>Sl 
DhArg(Et 2 ) : D-(N, N* -^X^;P) #^7Jl^X>£gg 
D Aph (Atz) : D-N-[5' -(3' -75 /-l'H-l* , 2* . 4' - h U TVU*)] 

DhCi : D-tf^v h^'J >8I* 

Lys (Nisp) : (e-N-f V "/P If^) U v 

hArg(Et,) : (N. N* -f/X^W jfc^TJWrX >glS 

^©teTa/BfcWU BS^T"^-r^a-&> IUPAC-IUB 3i-r>3>-t 
y • /"W ;3"^r 5 # • </ — ^>^U— J-^.7 — (Commission on Biochemical 
Nomenclature) (3 — Ptf7> • v^-T^ • * A*< ^57, h U — 
(European Journal of Biochemistry)^ 138 m. 9~3 7H U984 *fO ) 
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8i^&©*#&t>©aWf:L<, S5^ttpKa (pKa = -log 10 Ka, 
5 KaliiSlStSIt) ©/hS^feO««fiF*UVi. •£bT«7lc*tta> , b©a< 

3Wff*Lv». rr;W3-;u«K:^i*j t\tmz.i**? s-mzmvt i o g/ 

io ±EOt Kn*->t7 MKSttftCpKa tLTH 3-hh'o + y-2 
-t7hxl0l ( pKa=2. 7 0 8, ft*«t S^n. BaWtfN*. 

m-kHD+->SISStp- 1 Ho*->$lSi©pKa)5i4^±T^O 
15 fc#UTo-kHn*'>**«l (f'Jf;PS) CDpKa (=2. 7 5 4) \t 

7 Hi. l-kHD + ->- 2 --^-7 Mi^W2-t HD^y- 1 -:h7 
20 il:*M+y;H«^l>fc3-tHP*y- 2-^7 hxBW*#aT*S. 
(0!K th'J9A, *'J-7A«?<D7;l/*'J^fll> *^y7A, 7^->7Af 

(l) kHn^7 hxK©^*W«liS«»at*Pifi3iit<^>Xtft*7AK: 
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20 >B£Hi (M. U>=fK) . a-tHD^->hU*M>l (00, d7X>g?) 4? 

25 ^*tffli»e»n«. 

a - 1 HP+y h u x)ix>mmtfft^mzyt¥m®i*>b$:mTz>m 
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<£*T> #U (7^fF-co-yU3iJH) , iRu (?L 

15 asa, **, s^a £<Dm&&T*mi&&£ifimfz>ti2>. 

M/iSlt (^E;U%) 10 0/0 ~m 4 0/6 0 L < , |5l00/0~ 

#&5 0/5 Oj^ckOSfSbVi. lUfttflOO/OtJiSAl^'J 

Wtt^Jttt. D-#/L-# (^;l^/^;i/%) *S*57 5/2 5~*52 5/7 
5<2fSBCD&CD;W£L^. CICDD-&/L — f£ ^)V/^z)V%) «, 

6 0/4 0 3 0/7 orottHofco^tufflsn*. 

rj|j|-{rij3— ©MS^^Ste. ilS, i&3, ooo 

25 ~*5ioo, o o o, &$LV<\-xmz, ooo~&j6o, ooo. 

L<«i»3, 0 0 0-155 0, 0 0 0, jtCffJKtt|t|2 0 1 0 0 0-D5 



# 
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0d«»*lx<. t££>\Zitmi. 5-3. 5j&*ftfcj!?*LV». 

5 ftft* (y^A) 36fcOIf*H2 0~*!)1 0 0 0w mol tfW 
£L<, ££>tte&)4 0~$J1 0 0 0 m mol (Vf^D^JP) «l;»SLl>. 

*5*HP***1. 110, 000, 707, 000, 455, 6 4 5, 354, 

0 0 0, 1 8 9, 0 0 0, 1 5 6, 0 5 5, 9 8, 9 0 0, 6 6, 4 3 7, 3 
10 7, 200, 17, 100, 9, 830, 5, 870, 2, 500, 1, 30 

3, 5 04©i 5mm<Dm.ftm# t J7>3 L u>&mm®mti,x¥)w*--5.3L— 

i/3>?n-?ht/77J- (GPC) TWJfcLfctfU*^ 
«fctf*ffiL&$HRaE£^-5. «0J£te, i^ilGPC^B (JKV-ffl, HLC-8 

120GPC, mmtt\*7ikmmmmz&z>) , gpc*7akfso4lx 

1 /m i n-X?43^^:5 0 

cot, r?s<Mtmz&z>ti )u^^)vmm] tm-rz) fkwmz 

20 (v/v = 4/9 6) jgS2mltt»U 0. 0 1M o-rhD7i 

^th'7^>MI (ONPH) 2g$t (5NM/7thZhiJ^/X^y 
-;U= 1 . 02/35/15) 2mlt0. 15M l-X^-3- (3- 

;p=4 v/9 6 v) 2ml £in*.T4 0tT3 0#KJS3i*&g86flt£g3c-r 
25 5. SJ¥£*i!fe (4 0) Lfc«, 7-irh^hU^2mlT«U 0. 5mo 
1 / 1 ©X^ /-;H4*ilb* U ^Algi 1 m 1 ^Sn^T6 0tT3 OftKfc 
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Sit*. JRtftffr&l. 5N*lMt^hUtfA*&iretfRLTYm 1 <hU 1. 

jrrs. DL-AB6**»E€:**p«i«t^T, tommx )V^^)Vm 

4 Cmo 1 /L&7;P*U«JtT?*8e)» SfcONPH5^HkffiT?DL-SL 
5 KkH5^Ki:tfcfct05 4 4nm!!Bfc*S B (/cm) <hT«.<h#. S 

[COOH] (mo 1/g) = (AYC) / (WB) 

5 (BIT, u0*Si;j;oT*J6fci$ r7JU*'J«Sttt«fcs*;p 

20 ^<-r<6H<i:»wJ;oTtttH»IWI*fi<-ra^t*«T#S. L^b, jS§t#;i^ 

ft?MiW& 2 0, 0 0 0 ~*<J 5 0, 0 0 0 T, jft^aHi*^*^^*****?! 
25 3 0~^9 5/irao 1 /g, &?£L<tei&4 0—&J9 5 jtmo 1 / g. <fcD£f 
Sl.<tt»5 0~»9 0/tmol/gT?«5*'jaK (fll, D-«Jk L-?L 



• 
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mmM^mm^ (#^bs6 1-28521W fcantt^^ntyunu f 

&<Dm&zS^7.T)l'ik&®frZ<Dtem&m^fcMmm& (Encyclopedic 
5 Handbook of Biomaterials and Bioengineering Part A: Materials, Volume 2, 
Marcel Dekker, Inc. 1995 ¥)T£!igT#5„ ±W.<D^m<Dmmm^m\Zj: 

Tt^5<htelS£>&^, mZ.l£. EP-A-0 8 3 9 5 2 5#fcE*©Un*^ 

io TSfi£#K:a$3£T5 JlftSffl^* 

tt*«0©«iB8c («*tf*&MIK]fc;Jcfi«£8u #I^BS6 1 - 2 8 5 2 1 

(i) £?\ #;M?*~>;i4&mttsn&t Kn^r^ty («.■ 

15 D — ¥Ul! tert-:/5P;k L -W^vWfc £) Sfcfi*;UsJ?^^jPS*««« 
StlfctHP^^S^*^ (flU ^;PhO>iyX>y^ 2-b 

±12© r*;pjj?+5/^a|*Jfiltisnfck h'o+yt/AM^liftj £ 
Xfcf, (-COOH) *?75H (-CONH 2 ) {t^fcteXX^- 

)v (-coor) itznT^ztFu^isjjfr^mm&fcteEip&tfztiz 

t>K frfr-Ch* tS)V^iy)Vm (-COOH) *?XXf^ (-COOR) it£ 

25 ^CTXXf;W:*(tSRtLTil x^;k n-yotf 

;k -fV n-^;k tert-^^l/ft^WC^eTJl^l/K, 003. 
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—ry^)v- c ! _ 2 t ; wu&ft £oc r . 14 77 s ti s . 



R 2 # * R 1 * «fc l*R 2 ft-6*l**fC^T* § 5 * =f- H fc if 
AtetfJlCte. fctAI0iJaiJK. L-^^h\ D-^^^K, DL-^t^K. 



0 




0 
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io tp-e^b^-y-y. h ;ux 

^:>-te*>. h;wx>, 3^>i^>, y s ^v>. -J^^)V^)V 

100~300mD, 1 5 OICT^D, RJ& 

Wi:T5S^©«5ttf«c<if^#ia[UTjgl:^Js6e>tl-5^. #|*_kf 1 0#~7 2 

*&m. bvy)\,*n&mtj.£) •zm&&Wikt£H7t&, ftrnz^v z\n&m 
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nfchHD+y5?*jP3j?>ttS|i||«: (#J, ^bn>H^>y;k 2-fcF 
p + yl^YD>iy tert-:/^;P&£) 

nfchh'D + y^M>^i^ (fcK ^ha>»^>5?;k 2-bH 

(2) ^tc, ±i3 (i) ©a^Ris*c«koT#&nfcci>«ifc«tt$nfc*;psi? 
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4M?TS»^. JI*Wfctt# 'J *->k>, h;kx>ft 

EP-A-083952 5 ^fcfimo^ifeSfctt^ftfc^fc^K 

rctb<Dmmti-Tm^z>zttf-c%z>. 

gtfgffi (0i|*Jf. WO 9 4/1 5 5 8 7*&*tM) 

i-i"J3-;m^l4flAtf^-.j>3!f- ^>^A (Boehringer 
Ingelheim KG) ^5>rjjiS$tlTt^^fc©SrffltiTfeJ;l.i <> 
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5 bfcfeWfdifE (a) T?*UI*bfcJft»©PBHfi (09*tf. ^Un-;U 

* * w-r s ^frrt u t - « wtt^ME u t> © \zm&&m 
m. mm, *, mtai*) ©ii&& wx\£* mmm. ifv^-)mm.) fet 

< \*M<t® bfcftCift t ft -a U v- £J£|§|tT3 . ft i*iftmvfe>ti&. 

*©*©=# **#T*ttottttltofttt©«^ ^©Htofai:»bT, 
Mfttt^^KS/ttt*-©*©*^ 0 0 1~*?I5 011%, »£b 

<«^o. 0 2~^4 0ii%, «fco»^b<«*5o. i~3oii%, m% 

20 }&©»-&> *5 0. 0 1-8 0I1X, »SU<tt»0. l~5 0ii%TS5. 

^SStt^^H (mz (A) tkFD+yt7Ml (B) 

£#"TS) tOtStfl/TftSMtM^OS^. (A) «t (B) £©ifi 
©WtcMbT, (A) ©fi*Jttt»*M8 5-Hl&9 011%, £?£b<te*Ul 0 
25 ~^J8 5M»%> =t9$f£b<l±i&l 5~&8 011%, #fC»SU<tt^j3 

0~&8 os«%-e&<5. 
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Urfv- (SJI-^Un— ;HM-U^t-) *>cfctPE/-?- (SLKSfctt^U 
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5 m.&<DMf)mft-rz>menzit, ^<omj&it\zb&z>tf--f&mziim<Di&t)m 

ft.mz<ii*TZ>o tHD+yt7hxt©pKall Mz.lt. 3-hFD^>- 
2-t7HH0fntt2. 7 0 8 B^Mfr^ BS^n 

4 4¥9^2 5S^lfT) "T&S. —77, mm-^')u-)vm^^^-(oti)v 

10 (=3. 86 Sfcfi 3. 83)£SfigK:, rg^S^A(Cj;^gSx^;^-^t«SD^ 

«*fee>tlT*5 0fiJffl-r^>il<h^-e#^) (Table 4. 1 in "pKa Prediction for 
Organic Acid and Bases", D. D. Perrin, B. Dempsey and E.P.Serjeant, 1981) 0 

15 A p K a (OH) =-0. 9 0 

ApKa (IXt;^^) =- 1 . 7 

{cS*>jfi^XX^;!4§£(D^£#JiiLT, 

pKa = pKadLitfctt^'Jn- M)-ApKa(OH) + ApKa(lX 
20 TJimte) = 3 . 0 6 Sfcte 3 . 0 3 

ttfeetiS. fcl> t Ka+->t7 hx&te?L& (pKa = 3. 86) « 
^Un-;H8 (pKa = 3. 8 3) , $ 6fc:fcMLtt-^U n-;um^U ^v- 
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^r^7 hX^(Z)SS^»T?^fe(D|UTOm/^->&i^ii5L#-5o -e©^> t 

r5*U^-:fccfctf^/v-©if*ic#t^ ^-*5«fc^/v-^*f 

H°*->t7h xi£ ©fSfij fe HUBS ©*£#t £ «fc t) I^bj pj#g-c & -5 . 
T©*§-&£rV>-5. 

*9MB»l;:fc*tS r«zK»ttj ttt. ±EKiA«2 5mgJ:0*t<, 5g 
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(I) 

(i) 

^nntfc^A, y^DOI^X hU^DPI^X ISJtMt£i%9) , X— y- 

15 ;ms («, x^ux—xjk -rvyatf;n~f;i/9) . Mxxtjkw, 
d n * * > t (DM&mmm t / — wcm-sizs 

«*50. 0 1 ~*<J 5 0 % (v/v) „ ct0$?SL<fi^0. 0 5~#94 0 % (v/v) , & 
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fcjff * v<itmo. i~D3o% (v/v) e>a«n*. 

5 1~#>J6 0M% , #(C^^b<«*5 2-*«J5 0M%a>Silfcfft<5. 
^^>tx^y— ;p©igift*^rai*flttLTfflv>fc»-&. — f&mztemo. o l 

5 3 ^alffn^o 

«Htjp»J^-©*«*«»**K:, MiSttM*fctt-*©afc«&nU 
•>t7 hxlJ & fcfr* © Jfcte <fc £#i*i$MW4 # >J -7— ©£#> 6 j£S 

uti7lz)l%:fflmTZ>o £©E8©7Mf#l»te. — «Wfcttfflbffi*|fi«©#?llffiF~ 
#910, 0 0 Ofg, J:D»*L<tt#?j5f&~#Sj5 0, 0 0 0<g, L< 

ti*g i o fflf-» 2 , ooo m& siJins. 

±BE©*zKffi+fcfcmfl^J&inAT , b«fctr>. tt9Mb*m, —ttfcsfcsBfcO/ 
20 wxT;u^3>s^T?§r*t>©T?»n«iriTm? s bJ;v» l , n^wt;:^ 

y;Hf^>BI5KxX"T-;U CV-f — >(Tween)8(h iy-f — XTween) 60, 7h5 
„ #U^->X^U>t-7->^®#: [HC0-60. HC0-5(h B 
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5. dttS©+©l«SW», ^<^§i^tx«fflLTfeJ;^„ &ffl© 
$?SL<fi*SjO. 0 1~ 1 Ofi»%(DlSHT, £Sfc*FSL<H 
$J0. 0 5~#95a««©«HTfflV>5*lS. 

mmm, -mm. *v -tm&^zty 5 smm&rzittnzommittzztfmtf 

±IB<D-«T;Un-;^,i:LT«, #J*_fc?, *9 J-)V. x^y-;k -fy 

=mm. x?**-xmo)wmmt£t£rfm^<bn. co^Etiw^L^. 
±.m<DT^ymmt lt«, l -fc<Dh<Dx$>ni£^-rnhm^2> ztwx 
- n e <Dmmmmmm amm x&m vxh. m&l xmm vx^^u. 
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ffl#«a8*««ft^iaf»bfe36(t soffit, L- < km/ek LTt»»is 
c <d «fc -5 t LT»sn&^-r * p * ^;w«sr^**fcttiia lt#i& l 
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* b < 2 4 psiw-hb 1 2 o mm. mz» & v < it® 4 s mm~® 9 6 mm 

SMTOfeiiUTtt, «*fcf, fiflMff. gfcfMt, &ft«£fef;i*;p>* 
(ii) w/o/w*£ (1) 
SEtt. flMB (I) (i) ^fCf2«t|SIHT^^o *fcffi#«*«E*fflir>s*^ 

k«> ^©Mwjt^ti, miB (i) (i) mizmmtmm-v&z. 
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(iii) W/O/Wj* (2) 

ttfft&fci*. mtg (i) (i) «fcB*tn«Tr»*. th-n^y 

»««»>©•*», ^rt^tt^'jT-O^fl, MlWiitlioTI 
0. 5~*U7 0li% , iDff*L<ll»l~*&6 011% . ♦SMzfl 1 * L < fi 

M»tt»HSfett^-©if[©SSin«att-«WfcttO. 0 0 lmg/m 1 ~~ 
lOg/ml, J; D0?£L <{£(). lmg/ml~5g/ralT'Il;ffSL< 
(il Omg/m 1 ~3 g/m 1 



10 
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S^-r*»ffl©fr«firt7Kffi©«:«fc^L. o.OOfg, #£l,< 

tt»2~10 0te. «fc0#SL<tt»93~l 0«T»S. 

»5nfcW/OX^^a>©tt*«Htt-«Wk:t4»l 5-2 OCT, ft 
1 0-1 0, 0 0 0 c pT, ffSUttlDlOO-S, OOOcpT^. £ 
5fc*F*L<fcjtf!j5 00~2, 000c pT&S. 

**tt + ICln*., W (**«) /O (ttffi) / W (**«) iy jk>3>5M 

;nfc»r*. u©^*«^ ttH | WI:ttiWc(!lli(v|S1 0> 

OOOfg, *0WL<tt»6«-»6 0. OOOfg, #C|F*Utt«10 
«~»2, 0 0 0i*61tfti«. 

15 ffittBMB (I) (i ) ^K:IE*£ra«T*S. 
(ID *a#gi?£ 

Hft^§„ i37tM-y 3 >l[^ Mo . 0 1-1, 0 0 0«, 
<5FSL<tttt0. 05-5 0 0«, W$t<(»0. 1-200«»&1 

25 fctttftjlll^Cft^TiljSttiJlSfcf^cjlot KD + yt7 hxi 
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s/a>awtft»*u «£Eft«-r*. t>L<«. ne en (i) 
(no mm&mm 

m;x)U£LTi*. -Sft/xjn, m^yxjm. m&rjxzm 
£©&, MT*n«, sffiE (i) o**««ittTC*traai©^ 

-hidi©-^ * p*y-fe;p£w©ja^ t i/tY-f * DA^t;Ko«att ( I ) 
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ft^y^ F*fs v<m^ <=>tis. 

(I V) 2XT7^ 
fISitbTd ffi!2 (I) (i) fcffi*£H«T*5. £fc*I#a&ftK& 

m^zm&izit. *<Dm%<Ditmte, mm <n o> ^Kismt stress 0 
5^>*> ft^fflnstis. -ne>«ii3i[CDii(^T^LTffl^Tt>«t^ 0 
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l fg~*5j i o . 0 0 0i, =kO<ff 
SL<tt«5ffif-#5i5, OOOfiS. W:ffSL<tt«i0M2, OOOfg 

^tiMIS (I) (i) 3lfc:B«iRH«T**. 

Kf±atLTI4. v>-h-;u, ^h"7«, ^>^>^ 

(«. n->x^-^) fc<»: ©*»«■*». ^U-»^f©7$/i, 7^ 
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* l < am 2 4 mr$~~m i 2 0 rang, mz& s l < 4 8 ttnq~» 9 6 
mmi&m%fe£LT\*. mxu. tiM, mat. &mm£tzit*)u>tp 

(V) lXfy^ft 

itiMtbTa, h9BS (i) (i) KiamtEnn?**. *fcg*r»* 
^-oM#oit^ti, Mis (i) (i) mizmmtmm-c 

tMI+kiJd*., o (fflft) /w (zKffi) X7;k> 3 >^^tm flMB* 

oooe, l < 1 0 2 . 000 mfrzmttnz. 
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iy<-> (Tween) 80, HCO-60 ^©^ffiiSttJW, k7^D>ithUyA, * 

0. 1-3 0 0^ ^UTOo. 5-1 50 W mOlSH, £<=>Or?£L 
££**T#£„ 



15 



25 
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5 Ktt. *A 1 ASfcD»0. 0 lmg^-1 0 mg/kg#IoiS Bi S 6fc 

O5mg^5Omg/kg#l0i ffli *6fcflF*L<tt»0. lmg~3 0 
KMfc 1 B. 1 *J!fc 1 b. SfcH*^ (w% 3 ^ 4 

e***© fc: i on*. ii-c^»^ i(DliitSi ^ 

cm. nam, M , twww**) . womb**, n 
Pimm. ?«n. jisaafe * 

25 
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mmmi 

N- (S) -Te t r ahydr o f ur-2-oy I -G I y-D2Na 1 -D4C I Phe-D3Pa 1 -Ser-NMeTy r- 
DLys(Nic)-Leu-Lys(Nisp)-Pro-DAlaNH 2 (ttT^^h'At«fit*) ©gfgg 
* (TAPttB) 3429.6m *Atf3-tKD^- 2 -t7Mi (ld%»BX 
If£§8) 685. 2mg£x^/-;H5ml 



10 



15 






:oaW^nn^> 5 .| ill it ffiiu WircKlI 
»LT*lr»ft 0.1X(f/w)^iJ^ 7A 3^ (EG-40, B*Mft*» 7k 
Mft 400.1 *JC&AU f-K>a**5**-«ffl^T«. OOOrpm T«^LO 

ft**MHft (05PR-22, BiSM) *«^T 2.000n* S 

i«$tifc7>r^DX7x7^i©i@*$jnATSMi ( m®tt®LT 
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7x7^^HAmW3-kKD+y-2-t7^Xl/^fH 
A t;Ht {2^*1^*17 5. 4%, 1. 9 4T&o£o 



10 



15 



20 



^TFACDmmm 1785. lmg ^^3-kh-0 + y- 2 -t7hXi 
1370. 4mg £x*y-;H5ml t'jg£?Lfc. uO^n-^y-x-yr^i,- 

10ml fcS**U W 18t:fcH»LT*^fc 0. l*(w/w)#U fcT-;^* 
=!-***« 1000.1 +fcttAU4r-tT>ffl* ; E5W-«iH^T 8, OOOrpm 

^ OX7x7t®^7? K A^Jctf 3 - k Ko^->- 2 - 1 7 Ml/ 



« 10. 100. **X3iHHk 6. 610* 7)WJmZlZZ**)l,tf*i,j]a m 2 
6 8. 8 W mol/g, 2g£^DD**> 6 ml cfccktfx*/- 

;uo. 2mi ®mraft*aftftu ™> irc«»L T *t* 5*t>- 

W0.1*(w/w) 3 RUfcf-; W p n -;p 7 K»« 900Bl tlCftAl, ^-tf>ffl*^ 
5 +t-$fflUT 7. OOOrpm T«j$LO/WX7;k> 3 ><k LAc. MO/Wl 

HT*iiU mb»mm*mtoT 2, OOOrpm, 5^MftTY<^P*7tA 
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*wsirai*Lfc. cntm««*fciMWi. tszizm^mzmK 

±M1 250ing ©V>~ h-^oig* mxRmt WWMLT 

3-kHD+^-2-t7h x»/^ ^ K A * ;P Jt J4*n*tl 3 4. 7 % , 
tt. 8 4. 6%T*&-3tc a 



10 l£6£M4 

*W H A o» g*£ 1 900^ 3 - fc H P ^> - 2 - ^ h 1 82mg 

£tfx*y-,u o.2ml 0A*tM*Kttg*U irctWtLT*^ 53! 
v>_ h-;^ o. osiL-7W->ft(ra i%Cw/W)tf y h-^T;^-;^ 
15 « 900ml tlcftAU >S*:e3*-!^**V>. 7> 000rpm TWLTO 

y-fe;KZ)MiaJR*tt8 5%. ^^P^y-fe^O^y^HA^a^DCS 

JO 8 37?^t fLTCOmiftfta^^^^^^y. 
8 8. 9XT?fc-3&. 



25 



5 



=75/25 , H WfS ,0,700, ft TO ^*6.100. ^*U«e 

tas^^^yj^i 2 6 5 . 3 W moi/g©aB6-^yp-;^s^ 
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fc«U y^DD^^>M 6.5ml CflLfcK^lt &fifift| 4 \z§B»tm 

38. 3%, 0. 9 2TSofc. ^UTuO^IStta^iTiLT* 
#>fc^A3()^fi> 8 8. 3%T£ofc„ 

HA0»ti lSOOmg ^tmi-^ijn-Mftl^ (?LK/^ij n 
-Jl«=50/50 (*=;W) , fiaW^mi2.'700, *TO«^*7,090, 7;k*7 
UISCiSA^j/JHi 2 0 9. 2/t nol/g. In^M^X^®!) 1. 8g 
^ DD ^> 7. 2ml 3-th'D + y-2-t7MI 

^ h 'J 196mg £7*: 2. 3ml tC^Lfe^^Jn^^^^^^-tf--^^^ 

W/Ol7fy 3 >£W«L&. d(73XT;U->3 >£^#> 18"Cfc»|fflfLT&^ 
& 5Xv>- h-;n^r 0. !X(w/w)sj?u tfn;U7;u3-;p*iS« 800ml 4>tcaA 
U ^- e 5 ^-y— Srffl 7, OOOrpm T?jf# tW/0/WX?fy 3 

><hLfc. . ©W/O/Wi v;i,y 3 >§Sfi-e 3 irWLT vi? n n ^ 

fco fiWil^tifcT-f ^a^^ir^^ 250mg cd-7>- h— ^t^aco^^Tfc^-jp 

;p*©-W HAm,fc«3 - 1 h'o+y- 2 -^-7 hxg/^^f ha* 

;PJtfc^W6tl3 2. 8%, 0. 9 1TSofc. ^LT^©HItMttM 
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sm-emLTXtbitMxMmit. si. 2%t*&-d£ 0 

5 T'fl 5. tlfc§^"f ^7 □ * ^ t;H^ 6 0 m g $ 0 . 5 m 1 (D^WiU ( 0 . 25 
mg0*W+y^fji,tj|,D-7, 0. 5mg0#iJVM-h8O, 2 5 

h©w^Tic2 2G^itif-eg#Lfc. ^tm^m^mmmz^y v*mm 
bTfi s v-r * p * ^ x 7 * d # ^-irjp*^ o m u 

i t^-r. 





1 B 


lii 


2il 


3i§ 


4M 


*6£0iJl 


7 3% 


3 0 % 


1 1 % 


6 % 


6 % 


mmw2 


8 5% 


3 7 % 


9% 


1 % 




mmm3 


7 0% 


3 1% 


14% 


9 % 




mmm4 


7 7% 


2 9 % 


1 1 % 


1 0 % 


6 % 




8 1 % 


4 4% 


2 5 % 


1 7 % 


13% 
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mmm 7. 

5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C 2 H 5 (^T. ^KBt 
HSaSTS. ^ffl^ n D aiSf) <Dgfg£J& 0. 8g & 0. 8ml ©fcS*fc»#l,ft»tt£, D L- 
Mtt&tt <fi*TO#^» 36. 000, *W^« 18,000, 
*«*;PjJ?+^A-M 70. 4 tf mol/g) 3. 08g &J;tf3 - h F n*~>- 2.-^:7 
hXK °- 12g *^OD^>i,| SJ;tfx*/-;|, 0 . 3ml OflmMBKTift 
*^fc«Wi«^LT*^^-f -if-TRftL. W/Ol7Jk> 3 >£«L 
fc. *1>Tu©W/OIT;^ 3>S< WlBTCfc«iILT*^&aW(w/W) 
*UKn;W7;P3-;i, (EG-40, B*^ft«tt tK^ 800ml 4»{cftAt, * 
-K>a*^5+*-«fflVJT 7,000rpm t«j$LW/0/Wl7^y 3 >£ 

n©Bas©*^ftmvc»iiu j*:^7?at^»«a (ospr-22, bm^) 

Sffi^T 2. OOOrpnu 5 2f B 1©&#T^< * 0*y-fc;H&a»Sit TfiMfcLfc# 

Wit 46X, 9U*7W,+Q><77 KB*fttt 21. ». 3 - t h*D+y- 

mLT*ft^$lt ^^HBt*^T106.6X, 3-th'D^-2 
-±y hJLMlZ&UT 98. 6*T*r>£. 
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10 



mmw8 

KBORtttt 1. 2g £ 1. 2ml ©*S*fc**Lfc***, DL-?Lu_ u 
# 26. ZOO. ftW^H^HSOO. 9^Wtt«i: W J 

#*is)imm 62.5 tf mol/g) 4.62g *S«fctf3 - fc Kn*->- 2 hx» 
0. 18g*5>*n D **> 7. 5.1 *«fctfX*y-,K). 45ml ®»*«»MtT»»L 

*^^W/OX7^> 3 >*, w i 5 ti;l^ T ^ lfc o. n (W/W) ^j 
V-)l>7»n-» (EG-40, B*Mft&W tK^ 1200ml tt^U 
tf>ffl*^5^U-ftffln T 7.000rpm ^lW/0/Wx^-> 3 >i L 
fc. :»w/o/Wi^ 3 > ftSlT 3 ^u^Dn^>^ 
^^-^Mfc^^^^**,^ M,ffi ftH ft*#&«. 75 tf 
■ ©BW*«)«^tffl^T«lL. (05PR-22. BSSSfTO 

*«t»T 2, OOOrpm, 5 ^Wt7^ a ^tMa^$tTiiLt o 

BWttSl8 ' ^fD*yWOWKB«tt«.a, 3-tKD* 
- 2 -^-^ hXlC^UT 102. 2*T*o&. 



20 



**« 8 fcBfcODL DL-«lft# ( SSW1 
25 28. 800. ft***?* H, 500, ^WfcMfct i^ m ^ Sg 78 . , 
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EMSW45 0. 2X. 7<^D*^tJ^0^KBMtt2O. 81 3 _ 
tHD + y-2-t7hliti(i 2 . 7 8XT«^>fc. *LTitl6©«H^ 
**ftii*^«1f»LT*«)fcitAJ»*tt, ^KBfc*HTl 0 3. 4 «, 
5 3-tHD^-2-t7MW:feHT92. 7XT&-37 v Co 

KBOttftg 1. 2g * l. 2ml ©»S«*fc**L&*«£, ££0*9 &|q 
K DL-?LM^ 4. 8g £^ □ 8ml ^bfcgiijg^ LT ^ t 

;P->3>$, ^46 15*CfwW»bT45lr»fc 0. IX (w/w)sJ?>J V-)V7 )V 

(BG-40, H*^fiWfc^«) 1200ml ^fc^AU h* $ 

-fc/Blr>, 7,000rpmTW/O/WXT;i,^H>tLfco UTMMW 8 tB«K: 

15 T*«»S:T-f^D*y-fe;KZ) RM jRW4 53. 8X. T-f ^n*y-fe;^©^^ 
fcT3-tHD^->2-t7 hX^©^jD(C=fc 0 K B ©f*A3»*at _fc 



10 



20 



II 0 

h*B©#8gig i. oog £ 1. 00ml ©*«*£»# DL-?Lg£2 
««TO#**49. 500. »¥*&HP* 17.500. 5^;Wb»ftfc«fcS* 
^+yJHi45J tf mol/g) 3. 85g &<ktf3 - h H D*->- 2 -^7 hx& 
25 0.15g***nn**> 7.5ml *5 .fcOCx^r 7 0 . 4ml OOffM^Tttftl 



20 



25 
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UTFO. IX (w/w)#Utf-;|/7;m-;P7K»iK©*** 1000ml, t>- f>-;KD 
^Jn*Sr 0.257g tLfc£WH3ttK«8K:lB«i:n«k:LTV-f^D*^-fe;p 

©H«@iK*stt 53. 8X. V'T^a^y-fe^cD^y^HB^afi 18.02X, 3- 

Stta*"&*T»LT*«6fci*ASaJ|5tt, ^:/5P KB {3*5^X90. 1 X. 3-t 
h*O^v-2-^-7hXi6t*5^T90. lXT&ofeo 



1 1 

io ^y?- FBv&mm i. 202g * i. 20ml (Dmrnrnzmmistzmmz. oi-fimm 

(M^^g 19. 900, RTO$Hf* 10,700, ^^MkSiffiCks* 
)Utf*>>}mm 104. 6 jtz mol/g) 4. 619 &£Z*3 - 1 h'D + y- 2-^:7 hx^ 
0. 179g ^DD^> 7.5ml *«fcae x ^y-;p 0.45ml ©ifligT^ 

is KT?>r K-;kd»S£ o. 303g t Ufc£Wf4*«[«8 iz&mtmwuzv 

fcv<^a*y-fe;KoK«|5iJK4sti 61.4*, ^^□*yt;P«t«o^KB 
H,S« 15.88X, 3-tFD^y- 2 -t7hXitIli 2. 23XTfe-ofco *V 
T d tl 6 ©^3t^« *{t&***TH* L T&tb ftMAZbmZ. F B 

UT 77. 75X, 3-t KD*->- 2 hXMIfccfeUT 75. 05XT*^&. 



1 2 

F B <Dfflfg%L 1. OOg £ 1. 00ml ©*e*fc»#Lfc»tt£. DL-fLStfi 
^ (SS¥*^S 25, 900, RJmim 7, 100. ***;M?*«>;i** 98. 2 
mol/g) 3. 85g &J;tf3 - fc Kn+y- 2 -^7 Mi 0. 15g **J>7 DD^ 
>5. 5ml ^Ox^y-^o. 35ml ©Stii§i^«Lfc^ti^LT^ 
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7 \zum t mm \z l t?^ * D # y-t; w*^f#f C . * □ # t^kd®* 

EJWtt 48. 8X, V<^D*y-fe;^CD^y^HB^» ( i21.31^ 3-tFD 
^ST&LT*«£)7cl*A?Jim. ^y^HB(C*3^T 106. 5X, 3-th'D^ 

tk^^J 2 

H B Ommm 1. 00g * l. OOml ^Jg^ 1 2 

tWC DL-9LM^# 4.00g &v>*Dn**> 5ml T*#L&»tt£jg.&i, T 

*^^if-T?utu w/oi7ji,y 3 >s^t&. ^vmvmmtm 

KSl§l«*tt 48. 7», V-f ^7 D^^-k;^©^^ KBHrfifci 1 1. 41XT*ofc. 
^iT^OSi^i^MtlTiLT^fc^^HBro^ii 57. IX 

h X« <Z» 0 t «fc 0 K B Oi* A3MS#±# L £ £ « ^ £> rt>T& £. 

usseo 1 3 

DL-SJW^fl: («S¥^^S 30. 600. *¥*^a H 400. ^Httfc 
IffifciSAM+^l/Sies. 0 m mol/g) 89. 2g^i?^on^^> 115. 3 g -c 
^LAc^t. 3-kKD*i/-2-t7Mi 3.45g £>?*no**> 
38. 8g 6 . 27g ©«*«»*|ETM*L&**fcH£L T 28. 5<C 

fCl^liiLfco - ©Wft&«K»ft)tt* £ 224g SiOlD, K B CDf^ftJg 22. 3g 
* 20ml ©^@*fCig«LT 44. 9tfcft«ILfc**KtS^UT 5 »m&#L 
Tft*Lfl:Lfca*t5?^>ftf-ft ffl ^ % 10, OOOrpnu 5 »BO*frtT?Lfl:l,W 
/0lYJk>3 >**fifcLfc. *t)TI©W/OlYjW> 3 >£ 16. 3^(3^ 
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Wz. w i5t;tciittLT*5irifc o. ix (w/w)!j?ijt*-^7;i/3-;i/ (eg-40, 
0*^{k^») **« 20 u ^ mwc 5 a-wraa-AU homomic line flow 

*fflV»T 7, OOOrpm TS^lW/0/WX7Jk> 3 Lfc. Z 
® w/ o / wx-? ;p -> 3 > £ 1 5 t: t 3 ftna%& LT&l/na jl* 

n#©»vi&fflir5T»iaL» -k^x-m&m ch-6oos. ssatoss) *a§v»t 

2, OOOrpm 7?ffi^lCV< * D*^-fe;U*ttl»**T«ilb>t. 

nit. muhrcT>-b~ji^mm-cm^-i,x^.tt>tc^-( ? n^^t^si 

EUR*tt 66. 5X.- •7-f^P*^-fe;|,+0^5 t KB-&»fi22.-3X, 
^-2-t7hlS^IB 2.99XT*o&. * UT 11*1 S *!S*«tti&*£ 
ftTEfcLT^fciJAW. ^^KBtC^ViT 104. 5X, 3-tFn + y-2 
hXBftKJSHT 102. lXT&t)*:, 

mm&l 8 K12*©T-f 2? U%zf-kJ],m 45mg Sr 0. 3ml (DftWLM (0. 15 mg ©# 
;U^->^^Hr;Pn-x, 0. 3mgco#ijy;u^-f. go, 15mg cdv>- 

zmmLrzmwTk) iz^wn^x 7 iiutit sd 5 ho««&tk: 22G 



20 
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^2 



25 



5 Mw (Da) 




25. 200 




[COOH] (u mol/e- 




62. 5 










3 -h KD^y- 2 --j--7 KxBfe 


10 


1 B 


93. IX 


91. OX 




2il 


84. 2X 


54. IX 




4j§ 


75. 7X 


34. 5X 




8M 


63. OX 


5. IX 




1 2M 


46. 9% 


0. OX 


15 


1 6ji 


31. 7X 


0. OX 




2 Oil 


24. OX 


0. OX 
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5. 



10 





mm 


mm 9 


i o 


mm 1 


m&i 1 2 


ami 


Mw (Da) 
















36. 000 


28. 800 


49. 500 


19. 900 


25. 900 


28. 800 


[COOH] (u mol/g- 


# U V— ) 












70. 4 


78. 1 


45. 9 


104. 6 


98. 2 


78. 1 


1 B 


92. 9x 


94. 6X 


93. OX 


92. 3X 


89. 4X 


83. IX 


2iS 


82. 2X 


82. 2X 


80. 4X 


37. 5X 


34. 3X 


73. OX 


4j1 


69. 6X 


69. 2X 


58. 3X 


30. 7X 


29. 7X 


65. 3X 


8® 


62. IX 


56. OX 


36. 6X 


24. 6X 


20. 8X 




1 2i§ 


47. 9X 


39. 4X 


30. 8X 


18. 6X 






1 6® 


32. 2X 




28. OX 








201 




22. 9X 









2 4i! 11. 6X 

2 8j§ 4. IX 



10 



15 



20 
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4#M^, j7 - ilTSg¥WW20i 0 0 0^5 0, 0 0 
OWo^^MJttttiWm^l^g 0-9 0 W mo 1 /g 

H^0i|4 



^4 





1231 


16 ii 


24 m 


26 ii 


28 ig 


^y^KBCng/ml) 


1. 10 


1. 65 


1. 46 


2. 73 


1. 30 


r-* hX5^n>(ng/iDl) 
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DESCRIPTION 

Sustained-Release Microspheres/ Their Production and Use 

TECHNICAL FIELD 
The present invention relates to sustained-release 
microspheres comprising a physiologically active peptide , a 
sustained-release preparation comprising the microspheres , 
and a method of producing the microspheres. 

BACKGROUND ART 
For the preparation of physiologically active peptides 
as sustained-release microspheres , various methods have 
been reported so far. For example, Japanese Patent 
Unexamined Publication No. 97334/1995 discloses a 
sustained-release preparation comprising a physiologically 
active peptide possessing LH-RH antagonist activity or a 
salt thereof and a biodegradable polymer having a free 
carboxyl group at one end f and a method of its production. 

Japanese Patent Unexamined Publication Nos. 
121222/1989 and 66625/1991 describe a control release drug 
composition comprising a water-insoluble adduct salt of a 
water-soluble peptide such as an LH-RH derivative converted 
by using a non-toxic water-insoluble acid such as pantoic 
acid, tannic acid or stearic acid, or the like, and a 
polymer like a polylactide or a copolymer of lactic acid 
and glycolic acid, and a method of its production, 
suggesting that drug release duration can be prolonged by 
converting the drug to water-insoluble, as defined to have 
a solubility in distilled water of not more than 25 mg/1. 

Japanese Patent Unexamined Publication No. 68511/1991 
describes a method of producing a sustained-release 
microparticle formulation wherein a microparticles is 
formed by dispersing a drug solution into a polymer 
solution in which the drug compound is insoluble, followed 
by hardening of the resulting product, and a microparticle 
formulation of somatostatin or a derivative thereof 
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obtained by the method. It also suggests the use of a 
pamoic acid salt may enable to stabilize the somatostatin 
derivative (octreotide) in the microparticle formulation. 

Japanese Patent Unexamined Publication No. 221855/1993 
5 discloses a process for the production of a pharmaceutical 
composition for the sustained and controlled release of a 
peptide, obtained in the form of microsphere of a 
biodegradable polymeric material incorporating the peptide 
which comprises initially converting a water-soluble 
10 peptide into a water-insoluble peptide, followed by 
preparing an o/w emulsion, and extracting the organic 
solvent for the polymeric material in an excess of aqueous 
medium. 

Furthermore, Japanese Patent Unexamined Publication 

15 No. 340543/1994 describes a sustained-release preparation 
wherein the embonic acid (pamoic acid) or ascorbic acid 
salt of a peptide as an active ingredient in a matrix of a 
polylactide having a lactide/glycolide molar ratio of 100:0 
to 40:60, a molecular weight of 10,000 to 200,000, and a 

20 degree of polydispersion of 1.7 to 3.0, suggesting that 

embonic acid and ascorbic acid are useful as stabilizers in 
peptides in polylactides . 

W095/15767 describes the embonic acid salt (pamoic 
acid) of cetrorelix (LH-RH antagonist) and a method of its 

25 production, stating that the duration of action was about 
the same as that of peptide embonate in a biologically 
degradable polymer. 

As stated above, it has been known that a pamoic acid 
salt of a physiologically active peptide in a formulation 

30 enables to stabilize the physiologically active peptide or 
to control its release; however, there have been absolutely 
no reports of a composition wherein a fine and minute 
pamoic acid salt of a physiologically active peptide is 
formed in the presence of a biodegradable polymer, or a 

35 three-component salt comprising a physiologically active 
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peptide, a pamoic acid and a biodegradable polymer, and a 
composition containing it. 

In addition, the sustained-release preparations 
obtained by these published methods are unsatisfactory in 
view of clinical application. 

After extensive investigation aiming at resolving the 
above problems, the present inventors found that a 
sustained-release microsphere comprising a physiologically 
active peptide at high contents, and capable of controlling 
its release rate, can be produced by emulsif ication of a 
solution of a physiologically active peptide and a solution 
of a pamoic acid or a salt thereof by a biodegradable 
polymer . 

More specifically, the present inventors found that a 
physiologically active peptide can be incorporated at high 
contents by emulsif ication of a physiologically active 
peptide having basic groups capable of forming salts with a 
pamoic acid, a pamoic acid or a salt thereof and a 
biodegradable polymer in a molecular dispersion like in 
solution to form a fine pamoic acid salt of the 
physiologically active peptide of about 0.01 to about 10 /um 
in particle size not later than solvent removal, and 
producing a microsphere containing the pamoic acid salt, 
unlike conventional methods involves pre-conversion of 
physiologically active peptide to pamoic acid salt in the 
absence of polymer . 

The present inventors also found in the case of a 
peptide having not less than 2 basic groups that a pamoic 
acid/physiologically active peptide ratio differing from 
that of microspheres produced by conventional methods which 
contain a previously prepared pamoic acid salt of a 
physiologically active peptide, and that the 
physiologically active peptide release rate can be 
controlled by the decomposition rate of the biodegradable 
polymer when the physiologically active peptide is allowed 
to form a complex or salt with both a pamoic acid and a 
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biodegradable polymer having a free carboxyl group, and a 
microsphere containing it is prepared. 

After further investigations based on these findings , 
the inventors developed the present invention. 

DISCLOSURE OF INVENTION 
The present invention provides: 

(1) A method of producing a sustained-release 
microsphere which comprises emulsif ication of a 
physiologically active peptide or a salt thereof wherein 
the salt is not a pamoic acid salt and a pamoic acid or an 
alkaline metal salt thereof with a biodegradable polymer; 

(2) The method according to (1), which comprises 
emulsification of a solution of the physiologically active 
peptide or a salt thereof wherein the salt is not a pamoic 
acid salt and a solution of the pamoic acid or an alkaline 
metal salt thereof in solution of the biodegradable polymer 
with an organic solvent, and removing the solvent; 

(3) The method according to (1), which comprises 
dissolving the physiologically active peptide or a salt 
thereof wherein the salt is not a pamoic acid salt, the 
pamoic acid or an alkaline metal salt thereof and the 
biodegradable polymer in an organic solvent, and removing 
the solvent; 

(4) The method according to (1), which comprises 
emulsification of a solution of the physiologically active 
peptide or a salt thereof wherein the salt is not a pamoic 
acid salt and the biodegradable polymer with an organic 
solvent and a solution of the pamoic acid or an alkaline 
metal salt thereof, and removing the solvent; 

(5) The method according to (1), which comprises 
emulsification of a solution of the biodegradable polymer 
and the pamoic acid or an alkaline metal salt thereof with 
an organic solvent and a solution of the physiologically 
active peptide or a salt thereof wherein the salt is not a 
pamoic acid salt, and removing the solvent; 
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(6) The method according to any one of (2) to f 51 
wherein the removing of the solvent is conducted by ln l 
water drying method; 

fen "I meth ° d aCC ° rdin ^ to < 6 >' "hich furthermore 
followed by freeze drying; 

(8) The method according to any one of (2) to (5) 
wherein a concentration of the physiologically active 
Peptide » the solution mixture is about 1 to about 25 wt% 
of the solution mixture; 

(9) The method according to any one of (2) to (5) 
wherein a concentration of the biodegradable polymer in the 
solution mixture is about 1 to about 25 wt% of £ 

(10) The method according to any one of (2) to ( 5) 
where.n a concentration of the pamoic acid or a salt 

wt % er of f the n 'I :° 1Uti ° n miXtUrS " ab ° Ut °-° 5 to —t 5 
wt% of the solution mixture; 

(11) The method according to (2) or (4), wherein fch* 

" u u :L° n n r pamoic acid ° r a sait there - - " -htox 

solution of the pamoic acid or a salt thereof; 

th* J^l*** meth ° d aCCOrdin ^ to < 4 >' wherein an amount of 
the solution of the pamoic acid or a salt thereof is about 
2 to about 90 (v/v) % to the organic solvent of the 
physiologically active peptide and the biodegradable 
25 Polymer in the of solution mixture; 

(13) The method according to (1), wherein the 
Physiologically active peptide or a salt thereof is a free 

T With 3 Weak acid ° f not less th - pk*4.o 

(14) The method according to (1), whe rein the 

30 arou^ 109iC ^ ly aCtiVe P6Ptide " 3 Peptide ^sic 
groups capable of forming salts with a pamoic acid- 

(15) The method according to (1), wherein the' 

iZTTllt^ 9CtiVe P6Ptide " 3 P6Ptide h3Vi ^ *>t less 
35 acid; " 9r ° UPS ° aPable ° f * P-oic 
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(16) The method according to (1) , wherein the 
physiologically active peptide is an LH-RH agonist; 

(17) The method according to (1), wherein the 
physiologically active peptide is an LH-RH antagonist; 

5 (18) The method according to (1), the physiologically 

active peptide is a 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg- 
Pro-NH-C2Hs or a salt thereof; 

(19) The method according to (1) , the physiologically 
active peptide is a 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg- 

10 Pro-NH-C2Hs acetate; 

(20) The method according to (1) , wherein the 
biodegradable polymer is a polymer of or-hydroxy carboxylic 
acids; 

(21) The method according to (20) f wherein the polymer 
15 of a-hydroxy carboxylic acids is a lactic acid/glycolic 

acid polymer; 

(22) The method according to (21), wherein a 
composition ratio of lactic acid/glycolic acid is 100/0 to 
40/60 (mol%); 

20 (23) The method according to (20), wherein a weight- 

average molecular weight of the biodegradable polymer is 
3,000 to 100,000; 

(24) The method according to (1), wherein the 
biodegradable polymer is a polylactic acid; 

25 (25) The method according to (24), wherein a weight- 

average molecular weight of the biodegradable polymer is 
10,000 to 60,000; 

(26) The method according to any one of (2) to (5), 
wherein the organic solvent is a dichloromethane; 

30 (27) The method according to (1), wherein the 

physiologically active peptide is a peptide having one 
basic group capable of forming a salt with a pamoic acid, 
and the sustained-release microsphere is a sustained- 
release microsphere comprising an about 0.01 to about 10 

35 fim particle size of a pamoic acid salt of the 
physiologically active peptide; 
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(28) The method according to (1), wherein the 
physiologically active peptide is a peptide having not less 
than 2 basic groups capable of forming salts with a pamoic 
acid, and the sustained-release microsphere is a sustained- 

5 release microsphere comprising a complex or a salt formed 
by a physiologically active peptide, a pamoic acid or a 
salt thereof and a biodegradable polymer; 

(29) A sustained-release microsphere which is 
obtainable by the method according to (1); 

10 (30 > The sustained-release microsphere which comprises 

an about 0.01 to about 10 fzm. particle size of a pamoic 
acid salt of the physiologically active peptide and a 
biodegradable polymer; 

(31) A sustained-release microsphere which comprises a 
15 complex or a salt formed by a physiologically active 

peptide, a pamoic acid or a salt thereof and a 
biodegradable polymer; 

(32) A sustained-release microsphere which comprises 
not more than about 0.8 mol of pamoic acid to 1 mol of 

20 Physiologically active peptide; 

(33) The sustained-release microsphere according to 
(32), which comprises about 0.3 to about 0.7 mol of the 
pamoic acid to 1 mol of the physiologically active peptide 
is contained; 

25 < 34 > Th e sustained-release microsphere according to 

any one of (29) to (32), wherein the physiologically active 
peptide is a physiologically active peptide having basic 
groups capable of forming salts with a weak acid of not 
less than pKa4.0; 

30 (35) The sustained-release microsphere according to 

any one of (29) to (32), wherein the physiologically active 
peptide is a peptide having basic groups capable of forming 
salts with a pamoic acid; 

(36) The sustained-release microsphere according to 

35 any one of (29) to (32), wherein the physiologically active 
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peptide is a peptide having not less than 2 basic groups 
capable of forming salts with a pamoic acid; 

(37) The sustained-release microsphere according to 
any one of (29) to (32), wherein the physiologically active 

5 peptide is an LH-RH agonist? 

(38) The sustained-release microsphere according to 
any one of (29) to (32), wherein the physiologically active 
peptide is an LH-RH antagonist; 

(39) The sustained-release microsphere according to 

10 any one of (29) to (32), wherein the physiologically active 
peptide is a 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH- 
C2H5 or a salt thereof; 

(40) The sustained-release microsphere according to 
any one of (29) to (32), wherein the physiologically active 

15 peptide is a 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH- 
C2H5 acetate; 

(41) The sustained-release microsphere according to 
(28) or (30), wherein the biodegradable polymer is a 
polymer of a-hydroxy carboxylic acids; 

20 (42) The sustained-release microsphere according to 

(41) , wherein the polymer of a-hydroxy carboxylic acids is 
a lactic acid/glycolic acid polymer; 

(43) The sustained-release microsphere according to 

(42) , wherein a composition ratio of lactic acid/glycolic 
25 acid is 100/0 to 40/60 (mol%); 

(44) The sustained-release microsphere according to 
(41), wherein a weight-average molecular weight of the 
polymer is 3,000 to 100 r 000; 

(45) The sustained-release microsphere according to 
30 any one of (29) to (32), wherein the biodegradable polymer 

is a polylactic acid; 

(46) The sustained-release microsphere according to 
(45), wherein a weight-average molecular weight of the 
biodegradable polymer is 10,000 to 60,000; 

35 (47) The sustained-release microsphere according to 

any one of (29) to (32), wherein a ratio of the 
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physiologically active peptide in the sustained-release 
microsphere is about 15 to about 85 wt% of the sustained- 
release microsphere; 

(48) The sustained-release microsphere according to 
any one of (29) to (32) , wherein a ratio of the pamoic acid 
or a salt thereof in the sustained-release microsphere is 
about 0.1 to about 25 wt% of the sustained-release 
microsphere; 

(49) The sustained-release microsphere according to 
any one of (29) to (32), wherein a ratio of the 
biodegradable polymer in the sustained-release microsphere 
is about 15 to about 85 wt% of the sustained-release 
microsphere; 

(50) The sustained-release microsphere according to 
(30), wherein a ratio of the about 0.01 to about 10 //m 
particle size of a pamoic acid salt of the physiologically 
active peptide in the sustained-release microsphere is 
about 15 to about 90 wt% of the sustained-release 
microsphere; 

(51) The sustained-release microsphere according to 
any one of (29) to (32) f wherein the physiologically active 
peptide is 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH- 
C2H5 or a salt thereof and a content of the peptide is 
about 15 to about 30 wt% to the total microcapsule; 

(52) A sustained-release microsphere which is produced 
by the method according to (1); 

(53) A sustained-release preparation which comprises 
the microsphere according to any one of (29) to (32); 

(54) The sustained-release preparation according to 
(53)/ which is an injectable preparation; 

(55) A sustained-release preparation which comprises 
the microsphere according to (37) or (38); and 

(56) The sustained-release preparation according to 
(55), which is a treating or preventive agent for prostatic 
cancer, prostatic hypertrophy, endometriosis, hysteromyoma , 
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dysmenorrhea , precocious puberty or breast cancer, or a 
contraceptive agent. 



The physiologically active peptides used in the method 
of the present invention may be any peptides which are 
capable of forming a salt with a pamoic acid and showing 
physiologically activities. Examples of the peptide are a 
peptide having about 300 to about 40,000, preferably about 
400 to 30,000, furthermore preferably about 500 to 20,000 
molecular weight, and so on. 

Such peptides may preferably have basic groups which 
are capable of forming a salt with a weak acid of not less 
than pKa 4.0 (e.g. carbonic acid, bicarbonic acid, bornic 
acid, Ci-3 lower alkane-monocarbonic acid, etc.). 

When the physiologically active peptide has some basic 
groups in its molecule, so long as at least one basic group 
is capable of forming a salt with a pamoic acid, other 
groups may form salts. Physiologically active peptides 
having not only basic groups but also acidic groups which 
are free or forming salts may be involved in the 
physiologically active peptide of the present invention, so 
long as they are capable of forming salts with a pamoic 
acid. 

The representative examples of activities of the 
physiologically peptides are hormone activity, etc.. The 
physiologically active peptides may be natural products, 
synthesized products, half-synthesized products or gene 
products, and furthermore may be analogs and/or derivatives 
thereof. The mechanism of these physiologically active 
peptides may be agonistic or antagonistic. 

Examples of the physiologically active peptides 
include luteinizing hormone-releasing hormone (sometimes 
referred to as LH-RH, gonadotropin-releasing hormone or Gn- 
RH) , insulin, somatostatin, somatostatin derivative 
(Sandostatin; see US Patent Nos. 4,087,390, 4,093,574, 
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4,100 f 117 and 4,253,998), growth hormones (GH), growth 
hormone-releasing hormones (GH-RH), prolactin, 
erythropoietin (EPO), adrenocorticotropic hormone (ACTH) , 
ACTH derivatives (e.g., ebiratide), melanocyte-stimulating 

5 hormone (MSH) , thyrotropin-releasing hormone (represented 
by the structural formula (Pyr )Glu-His-ProNH 2 , hereinafter 
also referred to as TRH) and salts and derivatives thereof 
(see Japanese Patent Unexamined Publication Nos. 
121273/1975 and 116465/1977), thyroid-stimulating hormone 

10 (TSH), luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), vasopressin, vasopressin derivative 
(desmopressin, see Folia Endocrinologica Japonica, Vol. 54, 
No. 5, pp. 676-691 (1978)), oxytocin, calcitonin, glucagon, 
gastrin, secretin, pancreozymin, cholecystokinin, 

15 angiotensin, human placental lactogen, human chorionic 

gonadotropin (HCG), enkephalin, enkephalin derivatives (see 
US Patent No. 4,277,394 and European Patent Publication No. 
31567), endorphin, kyotorphin, interferons (e.g., a-, p- 
and /-interferons) , interleukins (e.g., interleukin 1, 2, 

20 3 ' 4 ' 5 ' 6 ' 7, 8, 9, 10, 11 and 12), tuftsin, thymopoietin, 
thymosin, thymostimulin, thymic humoral factor (THF), blood 
thymic factor (FTS) and derivatives thereof (see US Patent 
No. 4,229,438), tumor necrosis factor (TNF), colony- 
stimulating factors (e.g., CSF, GCSF, GMCSF, MCSF), 

25 motilin, dynorphin, bombesin, neurotensin, caerulein, 
bradykinin, atrium sodium-excretion increasing factor, 
nerve growth factor (NGF), cell growth factors (e.g., EGF, 
TGF-a, TGF-/?, PDGF, acidic FGF, basic FGF) , nerve nutrition 
factors (e.g., NT-3, NT-4, CNTF, GDNF, BDNF) , and 

30 endothelin-antagonistic peptides and their analogs 

(derivatives) (see European Patent Publication Nos. 436189, 
457195 and 496452, and Japanese Patent Unexamined 
Publication Nos. 94692/1991 and 130299/1991), a protein 
derived from a 1 domain of major histocompatibility class I 

35 antigen complex (Proceedings of the National Academy of 

Sciences of the United State of America, vol. 91,9086-9090 
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(1994) and vol* 94,116.92-11697 (1997)) which has an 
activity of inhibiting an internalization of insulin 
receptor, insulin-like growth factor (IGF)-l receptor, IGF- 
2 receptor, transferrin receptor, epidermal growth factor 
5 receptor, low density lipoprotein (LDL) receptor, 

macrophage scavenger receptor, GLUT-4 transporter, growth 
hormone receptor and leptin receptor, and their analogs 
(derivatives), furthermore their fragments or derivatives 
thereof . 

10 When the physiologically active peptides are salts, 

the salts include pharmacologically acceptable salts. 
Examples of the salts are salts formed with inorganic acids 
(e.g., hydrochloric acid, sulfuric acid, nitric acid and 
bornic acid) or salts formed with organic acids (e.g., 

15 carbonic acid, bicarbonic acid, succinic acid, acetic acid, 
propionic acid and trif luoroacetic acid), when the 
physiologically active peptide has a basic group such as 
the amino group. Examples of the salts are salts formed 
with inorganic bases (e.g., alkaline metals such as sodium 

20 and potassium, alkaline earth metals such as calcium and 
magnesium) or salts formed with organic base compounds 
(e.g., organic amines such as triethylamine, and basic 
amino acids such as arginine), when the physiologically 
active peptide has an acidic group such as the carboxy 

25 group. And, the physiologically active peptide may form a 
metal complex compound (e.g., copper complex compound, zinc 
complex compound). Provided that, a pamoic acid salt of 
the physiologically active peptide is excluded from a salt 
of the physiologically active peptide used as a material 
30 for the method of production of the present invention. 

Preferable physiologically active peptides for the 
present invention include, for example, LH-RH analogues 
effective against diseases dependent on LH-RH or hormones 
induced thereby, such as prostatic cancer, prostatic 
35 hypertrophy, endometritis, hysteromyoma, dysmenorrhea, 
precocious puberty and breast cancer, and as 
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contraceptives, and salts thereof, and somatostatin 
derivatives effective against diseases dependent on growth 
hormones and hormones induced thereby, and gastrointestinal 
diseases such as digestive ulcers, and salts thereof. 
5 Specific examples of the LH-RH analogs or salts 

thereof are peptides described in Treatment with GnRH 
analogs; Controversies and perspectives. The Parthemon 
Publishing Group Ltd., 1996; and Japanese Patent Unexamined 
Publication Nos. 503165/1991, 101695/1991, 97334/1995 and 

10 259460/1996 and so on. 

The preferable examples of the physiologically active 
peptide having LH-RH antagonistic activity are a 
physiologically active peptide represented by the formula: 
X-D2Nal-D4ClPhe-D3Pal-Ser-A-B-Leu-C-Pro-DAlaNH 2 (la) 

15 wherein X is N( 4H2-f uroyl )Gly or NAc, A is a residue 

selected from NMeTyr, Tyr, Aph(Atz) and NMeAph(Atz), B is a 
residue selected from DLys(Nic), DCit, DLys ( AzaglyNic) , 
DLys(AzaglyFur ) , DhArg(Et2)r DAph(Atz) and DhCi, C is a 
residue selected from Lys(Nisp), Arg and hArg(Et 2 ), and so 

20 on - 

In addition, the preferable examples of the 
physiologically active peptide having LH-RH antagonistic 
activity are physiologically active peptides described in 
US Patent No. 5,580,957 and so on. These peptides can be 

25 prepared by the methods described in the above-mentioned 
references or publications or similar methods. 

The preferable examples of the physiologically active 
peptide having LH-RH agonistic activity are a 
physiologically active peptide represented by the formulas 

30 5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z ( lb) 

wherein Y is a residue selected from DLeu, DAI a , DTrp, 
Dser(tBu), D2Nal and DHis(lmBZl), Z is NH-C 2 H 5 or Gly-NH 2 , 
and so on. Of these peptides, the peptide wherein Y is 
DLeu and Z is NH-C2H5 is preferred. These peptides can be 

35 prepared by the methods described in the above-mentioned 
references or publications or similar methods. 
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Specific examples, of the somatostatin derivatives or a 
salt thereof are described in Proceedings of National 
Academy of Science, USA, 93 , 12513-12518, 1996 or 
references cited. 
5 And, examples of the somatostatin derivatives which 

are selectively useful for cancer are 

i 1 

DPhe-Cys-Tyr-DTrp-Lys-Cys-ThrNH 2 (US Patent No. 5,480,870, 
European Patent Publication No. 50568) and so on. 

10 Other preferable examples of the somatostatin 

derivatives are sandostatin (US Patent Nos. 4,087,390, 
4,093,574, 4,100,117 and 4,253,998.) and so on. 

Preferable examples of the physiologically active 
peptides having one basic group capable of forming a salt 
15 with a pamoic acid are a physiologically active peptide or 
a salt thereof, represented by the formula [lb] having a 
LH-RH agonistic activity and so on. 

Preferable examples of the physiologically active 
peptides having not less than 2 basic groups capable of 
20 forming salts with a pamoic acid are a physiologically 
active peptide, or a salt thereof, represented by the 
formula (la) having a LH-RH antagonistic activity. And, 
the physiologically active peptide represented by the 
formula (lb) can be also used. 
25 Particularly, more preferably examples of the 

physiologically active peptide are 5-oxo-Pro-His-Trp-Ser- 
Tyr-DLeu-Leu-Arg-Pro-NH-C2Hs or a salt thereof 
(particularly, acetate, etc.). 

Abbreviations used in the present specification are 
30 defined as follows: 

N(4H2-furoyl)Gly : N-tetraf uroyl glycine residue 
NAc : N-acetyl group 

D2Nal : D-3-( 2-naphtyl) alanine residue 

D4ClPhe : D-3-(4-chlorophenyl) alanine residue 

35 D3Pal ; D-3-( 3-pyr idyl) alanine residue 

NMeTyr : N-methyl tyrosine residue 
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: N-^-O'-amino-l'H-l" ,2* ,4'- 
triazolyl) ]phenylalanine residue 
: N-methyl-[5 t -(3'-araino-l , H-l , ,2 1 4 • - 
triazolyl) ] phenylalanine residue 
: D-(epsilon-N-nicotinoyl) lysine residue 
: D-citrulline residue 

: D-(azaglycyl nicotinoyl) lysine residue 
: D-(azaglycyl furanyl) lysine residue 
: D- ( N, N 1 -diethyl ) homoarginine residue 
: D-N-[5' (3 , -amino-l , H-l , ,2» ,4'- 
triazolyl) Jphenylalanine residue 
: D-homocitrulline residue 
: (epsilon-N-isopropyl) lysine residue 
: (N,N • -diethyl ) homoarginine residue 
: D-(O-t-butyl) serine residue 
: D-(7r -benzyl )histidine residue 
Abbreviations for other amino acids are based on 
abbreviations specified by the IUPAC-IUB Commission on 
Biochemical Nomenclature (European Journal of Biochemistry, 
138, 9-37, 1984) or abbreviations in common use in relevant 
fields. When an optical isomer may be present in amino 
acids, it is of the L-conf iguration, unless otherwise 
stated. 



Aph(Atz) 

NMeAph(Atz) 

DLys(Nic) 
DCit 

DLys(AzaglyNic) 
DLys ( AzaglyFur ) 
DhArg(Et 2 ) 
DAph(Atz) 

DhCi 

Lys(Nisp) 
hArg(Et 2 ) 
DSer (tBu) 
DHis ( ImBzl ) 



25 Examples of the biodegradable polymers used for the 

method of the present invention include homopolymers and 
copolymers, which are synthesized from one or more a- 
hydroxy acids (e.g., glycolic acid, lactic acid, 
hydroxybutyric acid), hydroxydicarboxylic acids (e.g., 

30 malic acid), hydroxytricarboxylic acids (e.g., citric acid) 
etc., mixtures thereof; poly-a-cyanoacrylates; polyamino 
acids (e.g., poly-7-benzyl-L-glutamic acid) and maleic 
anhydride copolymers (e.g., styrene-maleic acid 
copolymers) . 

35 With respect to the above-described biodegradable 

polymer, copolymer ization may be of the random, block or 



10 



15 



PCT/JP98/00339 

WO 98/32423 

16 

graft type. When the above-mentioned or-hydroxy acids , 
hydroxydicarboxylic acids and hydroxytricarboxylic acids 
have an optical active center in their molecular 
structures, they may be of the D-, L- or DL-conf iguration. 
Of them, a lactic acid/glycolic acid polymer and a poly-or- 
cyanoacrylates are preferred, and furthermore a lactic 
acid/glycolic acid polymer is more preferred. 

The biodegradable polymer is preferably (1) a 
biodegradable polymer consisting of a mixture of (A): a 
copolymer of a glycolic acid and a hydroxycarboxylic acid 
represented by the formula: 

R 

I (ID 
HO-CH-COOH 

wherein R represents an alkyl group having 2 to 8 carbon 
atoms and (B): a polylactic acid or (2) a copolymer of 
lactic acid and glycolic acid. 

With respect to the formula (II) above, the straight- 
chain or branched alkyl group represented by R, which has 2 
to 8 carbon atoms, is exemplified by ethyl, propyl, 
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, 
isopentyl, neopentyl, tert-pentyl, 1-ethylpropyl , hexyl, 
isohexyl, 1 , 1-dimethylbutyl , 2 , 2-dimethylbutyl , 3,3- 
dimethylbutyl and 2-ethylbutyl . Preferably, a straight- 
chain or branched alkyl group having 2 to 5 carbon atoms is 
used. Such alkyl groups include ethyl, propyl, isopropyl, 
butyl and isobutyl. More preferably, R is ethyl. 

The hydroxycarboxylic acid represented by the formula 
(II) is exemplified by 2-hydroxybutyr ic acid, 2- 
30 hydroxyvaleric acid, 2-hydroxy-3-methylbutyr ic acid, 2- 
hydroxycaproic acid, 2-hydroxyisocaproic acid and 2- 
hydroxycapric acid, with preference given to 2- 
hydroxybutyric acid, 2-hydroxyvaleric acid, 2-hydroxy-3- 
methylbutyric acid and 2-hydroxycaproic acid, with greater 
35 preference given to 2-hydroxybutyric acid. Although the 
hydroxycarboxylic acid may be of the D-, L- or D,L- 
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configuration, it is preferable to use a mixture of the D- 
and L-conf igurations wherein the ratio of the D-/L- 
conf iguration (mol%) preferably falls within the range from 
about 75/25 to about 25/75/ more preferably from about 
5 60/40 to about 40/60, and still more preferably from about 
55/45 to about 45/55. 

With respect to the copolymer of glycolic acid and a 
hydroxycarboxylic acid represented by the formula (II) 
(hereinafter referred to as glycolic acid copolymer), 
10 copolymer ization may be of random, block or graft type. A 
random copolymer is preferred. 

The hydroxycarboxylic acid represented by the formula 
(II) may be a mixture of one or more kinds in a given 
ratio. 

15 With respect to the composition ratio of glycolic acid 

and the hydroxycarboxylic acid represented by the formula 
(II) in glycolic acid copolymer (A), it is preferable that 
glycolic acid account for about 10 to about 75 mol% and 
hydroxycarboxylic acid for the remaining portion. More 

20 preferably, glycolic acid accounts for about 20 to about 75 
mol%, and still more preferably about 40 to about 70 mol%. 
The weight-average molecular weight of the glycolic acid 
copolymer is normally 2,000 to 100,000, preferably 3,000 to 
80,000, and more preferably 5,000 to 50,000. The 

25 polydispersity (weight-average molecular weight/number- 
average molecular weight) of the glycolic acid copolymer is 
preferably about 1.2 to about 4.0, more preferably about 
1.5 to about 3.5. 

The above-described glycolic acid copolymer (A) can be 

30 produced by a known process, such as that described in 
Japanese Patent Unexamined Publication No. 28521/1986. 

Although the above-described polylactic acid may be of 
the D- or L-conf iguration or a mixture thereof, it is 
preferable that the ratio of the D-/L-conf iguration (mol%) 

35 falls within the range from about 75/25 to about 20/80. 
The ratio of the D-/L-conf iguration (mol%) is more 
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preferably about 60/40 to about 25/75 , and still more 
preferably about 55/45 to about 25/75. The weight-average 
molecular weight of said polylactic acid is preferably 
1,500 to 100,000, more preferably 2,000 to 80,000, and 
5 still more preferably 10,000 to 60,000 (more preferably 

15,000 to 50,000). Also, the dispersity of the polylactic 
acid is preferably about 1.2 to about 4.0, more preferably 
about 1.5 to about 3.5. 

For producing a polylactic acid, two methods are 

10 known: ring-opening polymerization of lactide (a cyclic 

dimer of lactic acid) and polycondensation of lactic acid. 

Glycolic acid copolymer (A) and polylactic acid (B) 
are used in a mixture wherein the (A)/(B) ratio (% by 
weight) falls within the range from about 10/90 to about 

15 90/10. The emulsif ication ratio (% by weight) is 

preferably about 20/80 to about 80/20, and more preferably 
about 30/70 to about 70/30. 

If either component (A) or (B) is in excess, the 
preparation obtained shows a drug release pattern not much 

20 different from that obtained with the use of component (A) 
or (B) alone; the linear release pattern which is 
obtainable with the mixed matrices cannot be expected in 
the last stage of drug release. Although the 
decomposition/elimination rate of glycolic acid copolymer 

25 (A) and polylactic acid varies widely, depending on 

molecular weight or composition, drug release duration can 
be extended by increasing the molecular weight of 
polylactic acid mixed or lowering the emulsif ication ratio 
(A)/(B), since the decomposition/elimination rate of 

30 glycolic acid copolymer (A) is usually higher. Conversely, 
drug release duration can be shortened by decreasing the 
molecular weight of polylactic acid mixed or increasing the 
emulsif ication ratio (A)/(B). Drug release duration can 
also be adjusted by altering the kind and content ratio of 

35 hydroxycarboxylic acid represented by the formula (II). 
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When the biodegradable polymer used is a polylactic 
acid or lactic acid/glycolic acid polymer, its composition 
ratio (lactic acid/glycolic acid) (mol%) is about 100/0 to 
about 40/60 , preferably about 100/0 to about 45/55 , more 
preferably about 100/0 to about 50/50. 

The weight-average molecular weight of the above- 
described lactic acid/glycolic acid polymer is preferably 
about 3,000 to about 100,000, more preferably about 5,000 
to about 80,000. 

The dispersity of the lactic acid/glycolic acid 
polymer is preferably about 1.2 to about 4.0 f more 
preferably about 1.5 to about 3.5. 

The decomposition/elimination rate of a lactic 
acid/glycolic acid polymer varies widely, depending on 
composition or molecular weight. Drug release duration can 
be extended by lowering the glycolic acid ratio or 
increasing the molecular weight, since 
decomposition/elimination is usually delayed as the 
glycolic acid ratio decreases. Conversely, drug release 
duration can be shortened by increasing the glycolic acid 
ratio or decreasing the molecular weight. To obtain a 
long-term (e.g., 1 to 6 months, preferably 1 to 4 months) 
sustained-release preparation, it is preferable to use a 
lactic acid/glycolic acid polymer whose composition ratio 
and weight-average molecular weight fall in the above- 
described ranges. With a lactic acid/glycolic acid polymer 
that decomposes more rapidly than that whose composition 
ratio and weight-average molecular weight fall in the above 
ranges, initial burst is difficult to suppress. On the 
contrary, with a lactic acid/glycolic acid polymer that 
decomposes more slowly than that whose composition ratio 
and weight-average molecular weight fall in the above 
ranges, it is likely that no effective amount of drug is 
released during some period. 

Weight-average molecular weight, number-average 
molecular weight and dispersity, as defined herein, are 
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polystyrene-based molecular weights and dispersity 
determined by gel permeation chromatography (GPC) with 9 
polystyrenes as reference substances with weight-average 
molecular weights of 120/000, 52,000, 22,000, 9,200, 5,050, 
5 2,950, 1,050, 580 and 162, respectively* Measurements were 
taken using a GPC column KF804L x 2 (produced by Showa 
Denko) and an RI monitor L-3300 (produced by Hitachi, 
Ltd.)* with chloroform as a mobile phase. Also, number- 
average molecular weight was calculated by dissolving the 

10 biodegradable polymer in an acetone-methanol mixed solvent, 
and titrating this solution with an alcoholic solution of 
potassium hydroxide with phenolphthalein as an indicator, 
to determine the terminal carboxyl group content. This 
molecular weight is hereinafter referred to as number- 

15 average molecular weight based on terminal group titration. 
While the number-average molecular weight based on 
terminal group titration is an absolute value, the number- 
average molecular weight based on GPC measurement is a 
relative value that may vary depending on various 

20 analytical conditions (e.g., kind of mobile phase, kind of 
column, reference substance, slice width chosen, baseline 
chosen); it is therefore difficult to have an absolute 
numerical representation of the latter. In the case of a 
polymer having a free carboxyl group at one end, 

25 synthesized from lactic acid and glycolic acid by the 
catalyst-free polycondensation method, for example, 
however, the number-average molecular weight based on GPC 
measurement and that based on terminal group titration 
almost agree with each other. This fact for the lactic 

30 acid-glycolic acid polymer means that the number-average 
molecular weight based on terminal group titration falls 
within the range from about 0.5 to about 2 times, 
preferably from about 0.7 to about 1.5 times, the number- 
average molecular weight based on GPC measurement. 

35 The lactic acid-glycolic acid polymer for the present 

invention can be produced by catalyst-free poly- 
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condensation from lactic acid and glycolic acid (Japanese 
Patent Unexamined Publication No. 28521/1986), or ring- 
opening polymerization from lactide, glycolide etc, using a 
catalyst (Encyclopedic Handbook of Biomaterials and 
5 Bioengineering Part A: Materials, Volume 2, Marcel Dekker, 
Inc., 1995). Although the polymer synthesized by ring- 
opening polymerization is usually a polymer having no 
carboxyl groups, a polymer obtained by chemically treating 
the above-described polymer to provide a terminal free 

10 carboxyl group (Journal of Controlled Release, Vol. 41, pp. 
249-257, 1996) can also be used. 

The above-described lactic acid-glycolic acid polymer 
having a free carboxyl group at one end can be readily 
produced by known methods (e.g., catalyst-free poly- 

15 condensation method, see Japanese Patent Unexamined 

Publication No. 28521/1986), and a polymer having free 
carboxyl groups at unspecified position can be produced by 
known production methods (e.g., see W094/15587 
Publication) . 

20 Also, the lactic acid-glycolic acid polymer with a 

free carboxyl group at one end by chemical treatment after 
ring-opening polymerization is commercially available from 
Boehringer Ingelheim KG, for example. 

Examples of the pamoic acid or a salt thereof may be a 

25 commercially available pamoic acid or a salt thereof. 

Examples of salts are alkaline metal salts (e.g. sodium 
salt, potassium salt, etc.), alkaline earth metal salts 
(e.g. calcium salt, magnesium salt, etc.), transition metal 
(e.g. zinc, iron, copper etc.) and so on. Particularly, 

30 alkaline metal salts such as sodium salt are preferred. 

Examples of the solvents used for dissolution of the 
pamoic acid or a salt thereof and dissolution of the 
physiologically active peptide are water, alcohols (e.g. 
methanol, ethanol, etc.), pyridine, dimethylacetamide, 

35 acetic acid and so on. Preferable example is alcohols such 
as methanol and so on. 
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Examples of the organic solvents used for dissolution 
of the physiologically active peptide, pamoic acids or a 
salt and biodegradable polymer include halogenated 
hydrocarbons (e.g., dichloromethane, chloroform, 
dichloroethane, trichloroethane, carbon tetrachloride, 
etc.), ethers (e.g., ethyl ether, isopropyl ether, etc.), 
fatty acid esters (e.g., ethylacetate, butylacetate) , 
aromatic hydrocarbons (e.g., benzene, toluene, xylene, 
etc.) and alcohols (e.g. methanol, ethanol, etc.) with 
preference given to halogenated hydrocarbons, particularly 
dichloromethane . 

The production method of the present invention is 
characterized in producing a sustained-release microsphere 
comprising (i) an about 0.01 to about 10 fim particle size 
of a fine pamoic acid salt of the physiologically active 
peptide or (ii) a complex or salt formed by the 
physiologically active peptide, pamoic acid or a salt 
thereof and biodegradable polymer, wherein the fine pamoic 
acid salt and the complex or salt are formed by 
emulsif ication of a physiologically active peptide and a 
pamoic acid or a salt thereof with a biodegradable polymer, 
without preforming a pamoic acid salt of the 
physiologically active peptide in the absence of a 
biodegradable polymer as conducted in the past methods. 

Therefore, the mixing method of the physiologically 
active peptide, biodegradable polymer and pamoic acid or a 
salt thereof is not limited, so long as the pamoic acid 
salt is not formed in the absence of the biodegradable 
polymer . 

Thus, the present invention specifically provides: 
(1) A method comprising emulsif ication of a solution of a 
physiologically active peptide or a salt thereof wherein 
the salt is not a pamoic acid salt and a solution of a 
pamoic acid or an alkaline metal salt thereof in a solution 
of a biodegradable polymer with an organic solvent, and 
removing the solvent; 
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(2) A method comprising dissolving a physiologically 
active peptide or a salt thereof wherein the salt is not a 
pamoic acid salt, a pamoic acid or an alkaline metal salt 
thereof and a biodegradable polymer in an organic solvent, 
and removing the solvent; 

(3) A method comprising emulsif ication of a solution of a 
physiologically active peptide or a salt thereof wherein 
the salt is not a pamoic acid salt and a biodegradable 
polymer with an organic solvent and a solution of a pamoic 
acid or an alkaline metal salt thereof, and removing the 
solvent? and 

(4) A method comprising emulsif ication of solution of a 
biodegradable polymer and pamoic acid or an alkaline metal 
salt thereof with an organic solvent and a solution of a 
physiologically active peptide or a salt thereof wherein 
the salt is not a pamoic acid salt, and removing the 
solvent. 

In the production method of the present invention, a 
concentration of the physiologically active peptide in the 
solution mixture is usually about 1 to about 25 wt%, 
preferably about 2 to about 20 wt% of the solution mixture. 

A concentration of the biodegradable polymer in the 
solution mixture is usually about 1 to about 25 wt%, 
preferably about 2 to about 20 wt% of the solution mixture. 

A concentration of the pamoic acid or a salt thereof 
in the solution mixture is usually about 0.05 to about 5 
wt%, preferably about 0.2 to about 4 wt% of the solution 
mixture. 

An amount of the solution of the pamoic acid or a salt 
thereof is usually about 2 to about 90 (v/v) % to the 
solution of the physiologically active peptide and the 
biodegradable polymer with an organic solvent. 

For removing the solvent, in-water drying method, 
phase separation method and spray drying method are used. 
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The production method of the present invention is 
described specifically for each organic solvent removal 
method. 

(I) In-water drying method: 

A physiologically active peptide (including its salt) 
is added to solution of a biodegradable polymer with an 
organic solvent to yield a solution of the physiologically 
active peptide and the biodegradable polymer. 

Examples of the organic solvent are halogenated 
hydrocarbons (e.g., dichloromethane, chloroform, 
dichloroethane, trichloroethane, carbon tetrachloride), 
ethers (e.g., ethyl ether, isopropyl ether), fatty acid 
esters (e.g., ethyl acetate, butyl acetate) and aromatic 
hydrocarbons (e.g., benzene, toluene, xylene). These 
solvents may be used in combination. The organic solvent 
used is preferably a halogenated hydrocarbon, more 
preferably dichloromethane. 

Also, when a sufficient amount of physiologically 
active peptide is soluble in a solvent (e.g., water, 
alcohols (e.g., ethanol, methanol), acetonitrile, acetic 
acid) in a volume within 60% of the entire volume of the 
solution of the biodegradable polymer , a solution of the 
physiologically active peptide may be added to the solution 
of the biodegradable polymer to yield a solution of both, 
or the physiologically active peptide solution is 
emulsified in the solution of the biodegradable polymer to 
yield an o/o or w/o emulsion. In these procedures, it is 
undesirable to precipitate the physiologically active 
peptide . 

Although the concentration of the biodegradable 
polymer used here in the solution varies, depending on the 
molecular weight of biodegradable polymer used, the kind of 
organic solvent, etc., it is normally chosen over the range 
from about 0.5 to about 70% (w/w), preferably about 1 to 
about 60% (w/w), and most preferably about 2 to about 50% 
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(w/w), when dichloromethane, for example r is used as the 
organic solvent. 

The physiologically active peptide is normally added 
at about 30 mg to about 500 rag, preferably about 40 mg to 
5 about 400 mg, per ml of the above-described organic solvent 
in the biodegradable polymer solution. 

Next, to the solution or o/o or w/o emulsion of the 
physiologically active peptide and biodegradable polymer, a 
solution of a pamoic acid or a pamoate (e.g., alkaline 

10 metal salts (sodium salt, potassium salt etc.), alkaline 
earth metal salts (e.g., calcium salt, magnesium salt) or 
salts with transition metals (e.g., zinc, iron, copper) 
(the solvent exemplified by water, alcohols (e.g., 
methanol, ethanol), pyridine, and dime thy lace tamide) is 

15 added under emulsif ication by a known method such as the 
use of a homogenizer or ultrasonication. 

Alternatively, when the physiologically active peptide 
or a salt thereof and the pamoic acid or a salt thereof, 
and furthermore the pamoic acid salt of the physiologically 

20 active peptide are completely soluble in an organic solvent 
(e.g., alcohols (methanol, ethanol etc.)), this organic 
solvent solution is added to the organic solvent solution 
of the biodegradable polymer under emulsif ication by a 
known method such as the use of a homogenizer or 

25 ultrasonication. 

Although the pamoic acid or pamoate concentration in 
the solution in the above-described two addition methods is 
not subject to limitation, as long as it does not exceed 
the saturation concentration, it is preferably the 

30 saturation concentration, the ratio by volume of the pamoic 
acid or pamoate solution to the biodegradable polymer 
solution is preferably about 2 to about 90%, more 
preferably about 5 to about 70%, and most preferably about 
10 to about 50%. 

35 Next, the thus-obtained solution of the biodegradable 

polymer containing the physiologically active peptide and 
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pamoic acid (oil phase) is added to the second water phase 
to form an o (oil phase)/w (water phase) emulsion, after 
which the solvent in the oil phase is evaporated to yield 
microspheres. The volume of the water phase is normally 
5 chosen over the range from about 1 to about 10,000 times, 
preferably from about 2 to about 5,000 times, and most 
preferably from about 5 to about 2,000 times, that of the 
oil phase. 

An emulsifier may be added to the above-described 

10 external water phase. The emulsifier may be any one, as 
long as it is capable of forming a stable o/w emulsion. 
Such emulsifier s include, for example, anionic surfactants 
(e.g., sodium oleate, sodium stearate, sodium lauryl 
sulfate), nonionic surfactants (e.g., polyoxyethylene 

15 sorbitan fatty acid esters (Tween 80, Tween 60, Atlas 

Powder Company), polyoxyethylene castor oil derivatives 
(e.g., HCO-60, HCO-50, Nikko Chemicals)), polyvinyl 
pyrrolidone, polyvinyl alcohol, carboxymethyl cellulose, 
lecithin, gelatin and hyaluronic acid. These emulsifiers 

20 ma Y *> e used singly or in combination. The emulsifier is 
preferably used at concentrations within the range from 
about 0.01% to about 10% (w/w) , more preferably from about 
0.05% to about 5% (w/w). 

An osmolarity regulator may be added to the above- 

25 described external water phase. The osmolarity regulator 
may be any one, as long as it provides an osmolarity when 
prepared as an aqueous solution. 

Examples of the osmolarity regulators are polyhydric 
alcohols, monohydric alcohols, monosaccharides, 

30 disaccharides, oligosaccharides or derivatives thereof. 
Such polyhydric alcohols include, for example, 
dihydric alcohols such as glycerol, pentahydric alcohols 
such as arabitol, xylitol and adonitol, and hexahydric 
alcohols such as mannitol, sorbitol and dulcitol. Of these 

35 alcohols, hexahydric alcohols are preferred, with greater 
preference given to mannitol. 
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Such monohydric alcohols include, for example r 
methanol, ethanol and isopropyl alcohol , with preference 
given to ethanol. 

Such monosaccharides include , for example, pentoses 
5 such as arabinose, xylose, ribose and 2-deoxyribose, and 
hexoses such as glucose, fructose, galactose, mannose, 
sorbose, rhamnose and fucose, with preference given to 
hexoses. 

Such oligosaccharides include, for example, 
10 trisaccharides such as maltotriose and raffinose, and 

tetrasaccharides such as stachyose, with preference given 
to trisaccharides. 

Derivatives of such monosaccharides, disaccharides and 
oligosaccharides include, for example, glucosamine, 
15 galactosamine, glucuronic acid and galacturonic acid. 

These osmolarity regulators may be used singly or in 
combination. 

These osmolarity regulators are used at concentrations 
such that the osmolarity of the external water phase is 

20 about 1/50 to about 5 times, preferably about 1/25 to about 
3 times, that of physiological saline. 

Organic solvent removal can be achieved by known 
methods, including the method in which the organic solvent 
is evaporated under normal or gradually reduced pressure 

25 during stirring using a propeller stirrer, magnetic stirrer 
or the like, and the method in which the organic solvent is 
evaporated, while the degree of vacuum is adjusted. 

The thus-obtained microspheres (also referred to as 
microcapsules) are collected by centr if ugation or 

30 filtration, after they are repeatedly washed with several 
additions of distilled water to remove the physiologically 
active peptide, pamoic acid, drug support, emulsifier etc. 
adhering to the microsphere surface, again dispersed in 
distilled water etc. and f reeze-dried. 

35 To prevent mutual aggregation of particles during the 

production process, an anticoagulant may be added. The 
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anticoagulant is exemplified by water-soluble saccharides 
such as mannitol, lactose, glucose and starches (e.g., corn 
starch), and proteins such as glycine, fibrin and collagen. 
The anticoagulant is preferably mannitol. 
5 Also, if necessary after f reeze-drying, the 

microspheres may be heated under reduced pressure under 
conditions that do not cause their mutual fusion to remove 
the water and organic solvent therefrom. In this case, it 
is preferable that the microspheres be heated at a 

10 temperature slightly higher than the midpoint of glass 
transition temperature of the biodegradable polymer, as 
obtained using a differential scanning calorimeter when the 
temperature is elevated at a rate of 10 to 20°C per minute. 
More preferably, the microspheres are heated within the 

15 temperature range from the midpoint of glass transition 

temperature of the biodegradable polymer to a temperature 
higher by about 30°C than the glass transition temperature. 
When a lactic acid-glycolic acid polymer is used as the 
biodegradable polymer, in particular, the microspheres are 

20 heated within the temperature range from the midpoint of 
glass transition temperature to a temperature higher by 
20°C than the glass transition temperature, preferably 
within the temperature range from the midpoint of glass 
transition temperature to a temperature higher by 10°C than 

25 the glass transition temperature. 

Although heating time varies, depending on the amount 
of microspheres and other factors, it is generally 
preferable that heating time be about 12 to about 168 
hours, more preferably about 48 to 120 hours after the 

30 microspheres reach a given temperature. Heating time is 
most preferably about 48 hours to about 96 hours. 

Any heating method can be used, as long as 
microspheres are uniformly heated. 

Preferable thermal drying methods include, for 

35 example, the method in which thermal drying is conducted in 
a thermostated chamber, fluidized bed chamber, mobile phase 
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or kiln f and the method using microwaves for thermal 
drying. Of these methods, the method in which thermal 
drying is conducted in a thermostated chamber is preferred. 
(II) The phase separation method: 
5 For producing microspheres by the phase separation 

method, a coacervating agent is gradually added to the oil 
phase described in the above (I) under stirring, to 
precipitate and solidify the biodegradable polymer. The 
volume of the coacervating agent is about 0.01 to about 

10 1*000 times, preferably about 0.05 to about 500 times, more 
preferably about 0.1 to about 200 times to the volume of 
the oil phase. 

Any coacervating agent can be used, as long as it is a 
polymeric, mineral oil or vegetable oil compound miscible 

15 with the solvent for the biodegradable polymer and that 
does not dissolve the biodegradable polymer. Such 
coacervating agents include silicon oil, sesame oil, 
soybean oil, corn oil, cotton seed oil, coconut oil, 
linseed oil, mineral oil, n-hexane and n-heptane. These 

20 may be used in combination of two or more kinds. 

The thus-obtained microspheres are filtered to 
separate them, after which they are repeatedly washed with 
hexane, heptane etc. and heated to remove the coacervating 
agent. If necessary, in the same manner as with the above- 

25 described in-water drying method, miocrospheres are washed 
with distilled water several times repeatedly to remove the 
free drug, drug-retaining substance etc. adhering to the 
microsphere surface; 
(III) Spray drying method: 

30 For producing microspheres by this method, the oil 

phase described in in-water drying method (I) above is 
sprayed via a nozzle into the drying chamber of a spray 
drier to volatilize the organic solvent in the fine 
droplets in a very short time, to yield microsphere. The 

35 nozzle is exemplified by the double-fluid nozzle, pressure 
nozzle and rotary disc nozzle. The microspheres may be 
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then freeze-dried and thermally dried as necessary after 
being washed in the same manner as that described in in- 
water drying method (I). 

For a dosage form other than the above-described 
5 microspheres, the oil phase described in in-water drying 
method (I) for microsphere production may be dried by 
evaporating the organic solvent and water , while the degree 
of vacuum is adjusted, followed by milling with a jet mill 
or the like to yield a fine powder. 
10 The milled fine powder may be then freeze-dried and 

thermally dried after being washed in the same manner as 
that described in in-water drying method (I) for 
microsphere production. 

15 The microspheres or fine powder can be orally or non- 

orally administered as such or in the form of various 
dosage forms prepared using them as a starting material. 
Specifically, they can be administered as muscular, 
subcutaneous, visceral and other injectable preparations or 

20 implant preparations, nasal, rectal, uterine and other 

transdermal preparations, oral preparations (e.g., solid 
preparations such as capsules (e.g., hard capsules, soft 
capsules), granules and powders; liquids such as syrups, 
emulsions and suspensions) etc. 

25 For example, microspheres or a fine powder can be 

prepared as injectable formulations by suspending in water 
with a dispersing agent (e.g, surfactants such as Tween 80 
and HCO-60, polysaccharides such as carboxymethyl cellulose 
and sodium alginate), a preservative (e.g., methyl paraben, 

30 propyl paraben), an isotonizing agent (e.g., sodium 

chloride, mannitol, sorbitol, glucose, proline) etc. to 
yield an aqueous suspension, or by dispersing in a 
vegetable oil such as sesame oil or corn oil to yield an 
oily suspension, whereby a practically useful sustained- 

35 release injectable preparation is obtained. 
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When the microspheres or fine powder is used in the 
form of an injectable suspension, their mean particle 
diameter is chosen over the range from about 0.1 to about 
300 //m, as long as the requirements concerning the degree 
5 of dispersion and needle passage are met. Preferably, the 
mean particle diameter is about 1 to about 150 fm, more 
preferably about 2 to about 100 >um. 

The microspheres or fine powder can be prepared as a 
sterile preparation by such methods as the method in which 
10 the entire production process is aseptic, the method using 
gamma rays for sterilization, and the method in which a 
preservative is added, which methods are not to be 
construed as limitative. 

15 The term microsphere, as defined herein, is any 

microparticle containing a physiologically active peptide 
and a biodegradable polymer. The microsphere is preferably 
nearly spherical. Such micropar tides include, for 
example, microcapsules containing one drug core in each 

20 particle, a multiple-core microcapsule containing a large 
number of drug cores in each particle, and microparticles 
wherein a drug in the molecular form is dissolved or 
dispersed as a solid solution in a matrix. 

The sustained-release microsphere of the present 

25 invention can be produced by the above-described production 
method of the present invention. For example, when a 
physiologically active peptide having basic groups capable 
of forming salts with a pamoic acid (particularly, a 
physiologically active peptide having the basic group) is 

30 used in the above production method, sustained-release 
microspheres comprising an about 0.01 to about 10//m 
particle size of fine pamoic acid salt of the 
physiologically active peptide and a biodegradable polymer 
can be produced, whereby a physiologically active peptide 

35 is incorporated in microspheres at higher efficiencies than 
in the conventional microsphere production method, wherein 
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a pamoic acid salt of a physiologically active peptide is 
formed in advance, then mixed with a biodegradable polymer 
to yield microspheres comprising the pamoic acid salt of 
the physiologically active peptide, to enable the 
5 production of microspheres containing a physiologically 
active peptide at high contents. 

On the other hand, when using a physiologically active 
peptide having two or more basic groups capable of forming 
salts with a pamoic acid and a biodegradable polymer having 

10 a free carboxyl group, sustained-release microspheres 

comprising a similarly fine complex or salt formed with the 
physiologically active peptide, the pamoic acid or a salt 
thereof and the biodegradable polymer, can be produced. 
Here, the salt comprising three components may be any one, 

15 as long as the physiologically active peptide is 

incorporated between the pamoic acid and biodegradable 
polymer via a reversible bond, and may be a salt belonging 
to ortho salts, acidic salts, basic salts, complex salts, 
chelate salts etc. Complexes possibly formed by these 

20 three components are also included in the terminology of 
the above mentioned salts. The salt can be formed by 
emulsif ication of the three components in a molecular 
dispersion or similar state (e.g., solution state). In 
this case, the microsphere of the present invention, which 

25 contains the salts of three components, is characterized in 
that the pamoic acid/physiologically active peptide molar 
ratio therein is evidently smaller than that in the 
microspheres obtained by the conventional method; this 
demonstrates that the salt is a new salt differing from the 

30 salt in the conventional microsphere, which produces using 
a pamoic acid salt of a physiologically active peptide 
formed in the absence of a biodegradable polymer. 

The sustained-release microspheres of the present 
invention contain a physiologically active peptide at high 

35 contents? the physiologically active peptide release from 
the preparation depends on the dissociation and dissolution 
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properties of the physiologically active peptide and/or a 
pamoic acid thereof , and the decomposition rate of the 
biodegradable polymer . 

Thus, the present invention provides: 

(1) A sustained-release microsphere (A) which comprises an 
about 0.01 to about 10 ptm particle size of a pamoic acid 
salt of a physiologically active peptide and a 
biodegradable polymer; and 

(2) A sustained-release microsphere (B) which comprises a 
complex or a salt formed by a physiologically active 
peptide, a pamoic acid or a salt thereof and a 
biodegradable polymer. 

Each of the sustained-release microspheres (A) and (B) 
is a sustained-release microsphere which comprises not more 
than about 0.8 mol, preferably about 0.1 to about 0.8 mol, 
more preferably 0.2 to 0.8 mol, furthermore preferably 
about 0.3 to 0.7 mol to 1 mol of the physiologically active 
peptide. 

In the microsphere (A) of the present invention, 
examples of the physiologically active peptide, the pamoic 
acid or a salt thereof and the biodegradable polymer are 
same those as mentioned above. 

Preferable examples of the physiologically active 
peptide are a physiologically active peptide having groups 
capable of forming salts with a pamoic acid, particularly a 
physiologically active peptide having one basic group. 
And, preferable examples of the physiologically active 
peptide are LH-RH agonist represented by the formula (lb), 
and particularly a compound C: 5-oxo-Pro-His-Trp-Ser-Tyr- 
DLeu-Leu-Arg-Pro-NH-C 2 H 5 as shown in Example 11 as 
mentioned below, and so on. 

Examples of the biodegradable polymer are a polylactic 
acid and a polymer of ^-hydroxy carboxylic acids, and 
particularly a polylactic acid is prefered. 
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When the polylactic acid is used, the weight-average 
molecular weight is r for example, 10,000 to 60,000, more 
preferably 15,000 to 50,000. 

As a composition ratio of lactic acid/glycolic acid is 
preferably 100/0 to 40/60 (mol%). Preferable weight- 
average molecular weight of the polymer is 5,000 to 80,000, 

The particle size of the pamoic acid salt of the 
physiologically active peptide in the sustained-release 
microsphere (A) of the present invention is usually about 
0.01 to about 10 fim, preferably about 0.02 to about 5 jjm, 
more preferably about 0.02 to about 4 /zm. 

In the sustained-release microsphere (A) , the pamoic 
acid is usually included at the ratio of not more than 
about 0.8 mol, preferably about 0.1 to about 0.8 mol, more 
preferably about 0.2 to 0.8 mol, furthermore preferably 
about 0.3 to 0.7 mol to 1 mol of the physiological active 
peptide. 

Although the emulsif ication ratio of the 
physiologically active peptide, the pamoic acid or a salt 
thereof and the biodegradable polymer in the sustained- 
release microsphere (A) may vary depending on kind of the 
physiologically active peptide, desired pharmacological 
action, duration of action and other factors, a ratio of 
the physiologically active peptide is usually not less than 
15 wt%, preferably about 15 to about 85 wt%, more 
preferably about 20 to about 80 wt%, furthermore preferably 
about 20 to about 50 wt% to the total microspheres. 
Particularly, when the physiologically active peptide is 5- 
oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C 2 H 5 or a salt 
thereof (particularly, acetate), a content of the peptide 
is preferably about 15 to about 30 wt%. 

A ratio of the pamoic acid or a salt thereof in the 
sustained-release microsphere (A) is usually about 0.1 to 
about 25 wt%, preferably about 0.5 to about 15 wt%, more 
preferably about 1 to about 10 wt% to the microsphere. 
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A ratxo of the pamoic acid salt of the physiologically 
active peptide in the sustained-release microsphere (A) is 
usually about 15 (or about 15.1, to about 95 wt%, 
preferably about 20 to about 90 wt% to the sustained- 
5 release microspheres. 

A ratio of th * biodegradable polymer is usually about 
15 to 85 wt%, preferably about 30 to about 60 wt% to the 
sustained-release microspheres. " " 

In the microsphere (A) of the present invention, 

10 s^tri'tr 6 PhySi ° l0gica11 * Prides usually form 

salts wxth a pamoxc acid, a part of the physiologically 
active peptides may exist without forming the salts 

in the microsphere (B) of the present invention, 
examples of the physiologically active peptide, the pamoic 
15 acxd or a salt thereof and the biodegradable polymer are 
same those as mentioned above. 

Preferable examples of the physiologically active 
peptxde are a physiologically active peptide having not 
less than 2 basic groups capable of forming salts with a 
20 Pamoxc acid, of these peptides, preferable examples of the 
Physxologxcally active peptide are a LH-RH antagonist 
represented by the formula (la), and particularly a 
compound A as shown in Example 1 as mentioned below, and so 



25 



Examples of the biodegradable polymer are a polymer of 
^-hydroxy carboxylic acids, and particularly a lactic 
acxd/glycolic acid polymer is prefered. As a composition 
40/sn ? , aCid/gl * Colic is Preferably 100/0 to 

40/60 (mo % ). Preferable weight-average molecular weight 
30 of the polymer is 5,000 to 80,000. 

The particle size of the pamoic acid salt of the 
Physiologically active peptide in the sustained-release 
mxcrosphere (B) of the present invention is usually about 
0.01 to about 10 fan, preferably about 0.02 to about 5 urn 
35 more preferably about 0.02 to about 4 M m. 
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in the sustained-release microsphere (B), the pamoic 
acid i. usually included at the ratio of not more than 
about 0 8 mol, preferably about 0.1 to about 0.8 mol, m ore 
preferably about 0.2 to 0.8 mol, furthermore preferably 
about 0.3 to 0.7 mol to 1 mol of the physiological active 
peptide . 

Although the emulsif ication ratio of the 
Physiologically active peptide, the pamoic acid or a salt 
thereof and the biodegradable polymer in the sustained- 
release microsphere (B) may vary depending on kind of the 
Physiologically active peptide, desired pharmacological 
action, duration of action and other factors, a ratio of 
the physiologically active peptide is usually not less than 
15 wt%, preferably about 15 to about 85 wt%, more 
preferably about 20 to about 80 wt%, furthermore preferablv 
about 30 to about 80 wt%, for still more preferably about 
40 to about 80wt% to the microspheres as sum of the 
Physiologically active peptide, the pamoic acid or a salt 
thereof and the biodegradable polymer. 

A ratio of the pamoic acid or a salt thereof in the 
microsphere (B) is usually about 0.1 to about 25 wt% 
preferably about 0.5 to about 15 wt%, more preferably about 
1 to about 10 wt% to the microspheres as sum of the 
Physiologically active peptide, the pamoic acid or a salt 
thereof and the biodegradable polymer. 

A ratio of the biodegradable polymer in the 
microsphere (B) is usually about 15 to about 85 wt% 

LTT^ 3bOUt 30 ^ ab ° Ut 60 Wt% t0 the -""spheres as 
sum of the physiologically active peptide, the pamoic acid 
or a salt thereof and the biodegradable polymer. 

in the microsphere (B) of the present invention, 
although the physiologically active peptides usually form 
salts with a pamoic acid or a salt thereof and a 
biodegradable polymer, a part of the physiologically active 
peptides may exist without forming the salts. 
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The particle size of the pamoic acid salt of the 
physiologically active peptide can be determined by 
observing an oil phase in the way of preparing or a cross 
section of the microsphere with an optical microscope, or 
5 by observing a cross section of the microsphere with an 
electron microscope. 

The sustained-release microsphere of the present 
invention is of low toxicity and can be used safely to 
human or mammals (e.g., monkey, bovines, pigs, dogs, cats, 
10 mice, rats, rabbits, etc.) as various sustained-release 
preparations. 

Although varying depending on kind and content of a 
physiologically active peptides as an active ingredient, 
dosage form, duration of a physiologically active peptides 
15 release, subject diseases, subject animal species, and 
purpose of administration, the dose of the active 
ingredient of the microsphere preparation may be set at any 
level, as long as the active ingredient is effective. For 
example, when the sustained-release preparation is a one- 
20 month preparation, the dose of the physiologically active 
peptides per administration can be chosen as appropriate 
over the range from about 0.001 mg to about 100 mg, 
preferably from about 0.01 mg to about 50 mg more 
preferably about 0.05 mg to about 10 mg per adult (weight 
25 50 kg) in terms of the weight of microsphere. 

More specifically, when the LH-RH antagonist 
represented by the general formula [la] above or the LH-RH 
agonist represented by the general formula [lb] is used as 
the physiologically active peptide, it can be used as a 
30 treating or preventive agent for hormone-depending diseases 
such as prostatic cancer, prostatic hypertrophy, 
endometritis, hysteromyoma, dysmenorrhea, metrofibroma, 
precocious puberty, breast cancer, gallbladder cancer, 
cervical cancer, chronic lymphatic leukemia, chronic 
35 myelocytic leukemia, colorectal cancer, gastritis, 

Hodgkin's disease, malignant melanoma, metastases, multiple 
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myeloma , non-Hodgkin lymphoma , non-small cell lung cancer r 
ovarian cancer, digestive ulcers, systemic fungal 
infections, small cell lung cancer, valvular disease of the 
heart, mastopathy, polycystic ovary, infertility, chronic 
anovulation , appropriately induced ovulation in women, 
acnes, amenorrhea (e.g., secondary amenorrhea), cystic 
diseases of the ovary and breast (including polycystic 
ovary), gynecologic cancers, ovarian hyperandrogenemia and 
hypertrichosis, AIDS due to T-cell production mediated by 
thymic blastogenesis, male contraception for treatment of 
and male sex criminals, as an agent for contraception and 
mitigation of symptoms of premenstrual syndrome (PMS), as a 
drug for in vitro fertilization (IVF), and for other 
purposes , especially as a treating or preventive agent for 
prostatic cancer, prostatic hypertrophy, endometritis, 
hysteromyoma, metrofibroma, precocious puberty, breast 
cancer, etc. , or an agent for contraceptive. 

Although varying widely depending on dosage form, 
desired duration of drug release, target disease, subject 
animal species etc., the dose of the physiologically active 
peptide may be set at any level, as long as it is 
pharmacologically effective. The dose per administration 
of the drug can preferably be chosen as appropriate over 
the range from about 0.005 mg to about 10 mg/kg body weight 
per adult in the case of a 1-month sustained-release 
preparation. More preferably, it can be chosen as 
appropriate over the range from about 0.02 mg to about 5 
mg/kg body weight. 

The dose per administration of the microsphere in the 
sustained-release preparation can preferably be chosen as 
appropriate over the range from about 0.005 mg to 50 mg/kg 
body weight per adult. More preferably , it can be chosen 
as appropriate over the range from about 0.02 mg to 30 
mg/kg body weight. Dosing frequency can be chosen as 
appropriate, e.g., once every several weeks, once every 
month, or once every several months, depending on kind and 
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content of active ingredient physiologically active 
peptide, dosage form, duration of physiologically active 
peptide release, target disease , subject animal species 
etc. 

[Mode of Working the Invention] 

The present invention is hereinafter described in more 
detail by means of the following examples , comparative 
examples r and experimental examples, which are not to be 
construed as limitative, as long as they fall within the 
scope of the present invention. Unless otherwise 
specified, % means % by weight. 

Example 1 

A solution of 100 mg of pamoic acid in 2.7 ml of 
pyridine was added to a solution of 972 mg of N-(S)-2- 
tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys(Nic)-Leu-Lys(Nisp)-Pro-DAlaNH 2 (herein after 
abbreviated to as Compound A) acetate (produced by TAP 
Company) and 1040 mg of lactic acid-glycolic acid copolymer 
(lactic acid/glycolic acid (molar ratio %) 50/50; weight- 
average molecular weight, 6,150; number -aver age molecular 
weight, 2,400; number-average molecular weight based on 
terminal group titration, 2,300; produced by Wako Pure 
Chemical) in 3 ml of dichloromethane. The mixture was 
emulsified using a small homogenizer for 60 seconds to 
yield S/O suspension (pamoic acid/Compound A (molar ratio), 
0.5). After being cooled to 18°C, the suspension was 
poured into 400 ml of 0.1% aqueous solution of polyvinyl 
alcohol (EG-40, produced by Nippon Synthetic Chemical 
Industry Co., Ltd.) containing 5% mannitol, which had been 
previously adjusted at 18°C. The resultant mixture was 
prepared into S/O/W emulsion with the use of turbin-type 
homomixer at 7,000 rpm. The emulsion was stirred at room 
temperature for 3 hours to volatilize off the 
dichloromethane and solidify the oil phase, which was then 
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collected by centrif ugation with a centrifuge (05PR-22, 
Hitachi Ltd,) at 2 f 000 rpm. The resulting precipitate was 
again dispersed in distilled water, followed by 
centrifugation and removal of the separated free drug r 
5 etc.. After the collection microspheres were again 
dispersed in a small amount of distilled water and 
lyophilized to yield powdered microspheres. Encapsulation 
efficiency of Compound A into the microspheres was 90.2%. 
Content of Compound A and molar ratio of pamoic 
10 acid/Compound A in the microspheres were 38.6% and 0.49, 
respectively. 

Example 2 

Microspheres were obtained in similar manner to 
15 Example 1, except that lactic acid-glycolic acid copolymer 
was replaced by one (lactic acid/glycolic acid (molar 
ratio), 50/50; weight-average molecular weight, 10,100; 
number-average molecular weight, 3,720; number-average 
molecular weight based on terminal group titration, 3,500) 
20 a R d an amount of dichloromethane was 3.5 ml. Pamoic 
acid/Compound A (molar ratio) was 0.5. Encapsulation 
efficiency of Compound A into the microspheres was 91.8%. 
Content of Compound A and pamoic acid/Compound A in the 
microspheres were 39.2% and 0.51/ respectively. 

25 

Example 3 

Microspheres were obtained in a similar manner to 
Example 1, except that lactic acid-glycolic acid copolymer 
was replaced by one (lactic acid/glycolic acid (molar 

30 ratio), 50/50; weight-average molecular weight, 12,700; 
number-average molecular weight; 4,780; number-average 
molecular weight based on terminal group titration, 4,900) 
and amount of dichloromethane was 3.8 ml. Added pamoic 
acid/Compound A (molar ratio) was 0.5. Encapsulation 

35 efficiency of Compound A into the microspheres was 89.9%. 
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Content of Compound A and pamoic acid/Compound A in the 
microspheres were 38.4% and 0.53, respectively. 

Example 4 

Microspheres were obtained in a similar manner to 
Example 3/ except the amount of pamoic acid and pyridine in 
Example 1 were changed to 200 mg and 5 ml, respectively. 
Added pamoic acid/Compound A (molar ratio) was 1.0. 
Encapsulation ratio of Compound A into the microspheres was 
94.1%. Content of Compound A and pamoic acid/Compound A in 
the microspheres were 38.3% and 0.63, respectively. 

Example 5 

A solution of 112 mg of disodium pamoic acid in 0.9 ml 
of distilled water was added to a solution of 972 mg of 
Compound A acetate (produced by TAP Company) and 1040 mg of 
lactic acid-glycolic acid copolymer (lactic acid/glycolic 
acid (molar %, 50/50); weight-average molecular weight f 
12,700; number-average molecular weight, 4,780; number- 
average molecular weight based on terminal group titration, 
4,900; produced by Wako Pure Chemical) in 4 ml of 
dichloromethane (pamoic acid/Compound A (molar ratio), 
0.5). The mixture was emulsified using a small homogenizer 
for 60 seconds to yield S/O suspension (or W/O emulsion). 
After being cooled to 18°C, the suspension was poured into 
400 ml of 0.1% aqueous solution of polyvinyl alcohol (EG- 
40, produced by Nippon Synthetic Chemical Industry Co., 
Ltd.) containing 5% mannitol, which had been previously 
adjusted at 18°C. The resultant mixture was prepared into 
S/O/W emulsion with the use of a turbin type homomixer at 
7,000 rpm. The emulsion was stirred at room temperature 
for 3 hours to volatilize off the dichloromethane and 
solidify the oil phase, which was then collected by 
centrifugation with a centrifuge (05PR-22, Hitachi Ltd.) at 
2,000 rpm. The resulting precipitate was again dispersed 
in distilled water, followed by centrifugation and removal 
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of the separated free drug, etc.. After the collection 
microspheres were again dispersed in a small amount of 
distilled water and lyophilized to yield powdered 
microspheres. Encapsulation efficiency of Compound A into 
the microspheres was 89.8%. Content of Compound A and 
pamoic acid/Compound A (molar ratio) in the microspheres 
were 38.4% and 0.56, respectively. 

Example 6 

Microspheres were obtained in a similar manner to 
Example 5, except that the lactic acid-glycolic acid 
copolymer was replaced by one (lactic acid/glycolic acid 
(molar ratio %, 65/35); weight-average molecular weight, 
12,500; number-average molecular weight, 4,170 and number- 
average molecular weight based on terminal group titration, 
4,000) and the amount of dichloromethane was changed to 4.5 
ml. Added pamoic acid/Compound A (molar ratio) was 0.5. 
Encapsulation ratio of Compound A into the microspheres was 
89.6%. Content of Compound A and pamoic acid/Compound A 
(molar ratio) in the microspheres were 38.3% and 0.57, 
respectively. 

Example 7 

A solution of 0.45 g of disodium pamoic acid in 3.6 ml 
of distilled water was added to a solution of 4.06 g of 
Compound A acetate (produced by TAP Company) and 4 g of 
lactic acid-glycolic acid copolymer (lactic acid/glycolic 
acid=50/50 (mole %); weight-average molecular weight, 
12,700; number-average molecular weight, 4,780; number- 
average molecular weight based on terminal group 
quantitation, 4,900; produced by Wako Pure Chemical) in 16 
ml of dichloromethane (added pamoic acid/Compound A (molar 
ratio, 0.5)). The resulting mixture was emulsified using a 
small homogenizer for 60 seconds to yield S/O suspension 
(or W/O emulsion). After being cooled to 18°C, the 
resulting suspension was poured into 1600 ml of 0.1% 
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aqueous solution of pplyvinylalcohol (EG-40, produced by 
Nippon Synthetic Chemical Industry Co., Ltd.) containing 5% 
mannitol, which had been previsously adjusted at 18°C. The 
resulting mixture was prepared into S/O/W emulsion with the 
use of a turbine type homomixer at 7/000 rpm. The emulsion 
was stirred at room temperature for 3 hours to volatilize 
off the dichloromethane and to solidify the oil phase, 
which was then collected by centrif ugation with a 
centrifuge (05PR-22, Hitachi Ltd.) at 2,000 rpm. The 
resulting precipitate was again dispersed in distilled 
water, followed by centrif ugation and removal of the 
separated free drug, etc.. After the collection 
microspheres were again dispersed in a small amount of 
distilled water and lyophilized to yield powdered 
microspheres. The resulting microspheres were dried at 
40°C for 96 hours under reduced pressure in an oven. 
Encapsulation efficiency of Compound A into the obtained 
microspheres (average diameter 22 ^m)was 93.8%. Content of 
Compound A and pamoic acid/Compound A (molar ratio) in the 
microspheres were 41.0% and 0.52, respectively. 

Example 8 

A solution of 0.244 g of disodium pamoic acid in 1.8 
ml of distilled water was added to a solution of 2 g of 
NAc— D2Nal-D4ClPhe-D3Pal-Ser— NMeTyr-DLys (Nic) -Leu-Lys (Nisp) — 
Pro-DAlaNH2 (herein after abbreviated to as Compound B) 
acetate (produced by TAP Company) and 2 g of lactic acid- 
glycolic acid copolymer (lactic acid/glycolic acid=50/50 
(mole %); weight-average molecular weight, 12,700; number- 
average molecular weight, 4,780; number-average molecular 
weight based on terminal group titration, 4,900; produced 
by Wako Pure Chemical) in 9 ml of dichloromethane (pamoic 
acid/Compound B (molar ratio), 0.5, content of Compound B 
in its acetate was supposed as 86.7 %). The resulting 
mixture was emulsified using a small homogenizer for 60 
seconds to yield S/O suspension (or W/O emulsion). After 
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being cooled to 18°C, the suspension was poured into 800 ml 
of 0.1% aqueous solution of polyvinyl alcohol (EG-40, 
produced by Nippon Synthetic Chemical Industry Co., Ltd.) 
containing 5% mannitol, which had been previously adjusted 
5 at 18°C. The resulting mixture was prepared into S/O/W 

emulsion with the use of a turbine-type homomixer at 7,000 
rpm. The resulting emulsion was stirred at room 
temperature for 3 hours to volatilize off the 
dichloromethane and to solidify the oil phase, which was 

10 then collected by centrif ugation with a centrifuge (05PR- 
22, Hitachi Ltd.) at 2,000 rpm. The resulting precipitate 
was again dispersed in distilled water, followed by 
centrif ugation and removal of the separated free drug, 
etc.. After the collection microspheres were again 

15 dispersed in a small amount of distilled water and 

lyophilized to yield powdered microspheres. Encapsulation 
efficiency of Compound B into the microspheres was 98.9%. 
Content of Compound B and molar ratio of pamoic 
acid/Compound B in the microspheres were 43.6% and 0.52, 

20 respectively. 

Example 9 

A solution of 0.47 g of lactic acid-glycolic acid 
copolymer (lactic acid/glycolic acid (molar ratio %), 

25 50/50); weight-average molecular weight, 18,700; number- 
average molecular weight, 6,180; number -average molecular 
weight based on terminal group titration, 6,000; produced 
by Wako Pure Chemical) in 15 ml of dichloromethane was 
added to a solution of 1,012 g of Compound A acetate 

30 (produced by TAP Company) and 0.112 g of disodium pamoic 

acid in 6 ml of methanol to prepare a homogeneous solution. 
Prom the solution the organic solvent was volatilized off 
by a rotary evaporator. The residue was sieved into 
particles of size of 75 /im or smaller. The resulting fine 

35 powder was again dispersed in distilled water and 

centrifuged at 3,000 rpm. The separated drug, etc. was 
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removed. The collected fine powder was again dispersed in 
a small amount of distilled water and lyophilized to yield 
powder. Encapsulation efficiency of Compound A into the 
powder was 94.4%, Content of Compound A and pamoic 
5 acid/Compound A (mole ratio) in the microspheres were 56.5% 
and 0.60, respectively. 

Example 10 

A solution of 0.056 g of lactic acid-glycolic acid 

10 copolymer (lactic acid/glycolic acid (molar ratio), 50/50; 
weight-average molecular weight, 12,700; number-average 
molecular weight, 4,780; number-average molecular weight 
based on terminal group titration, 4,900; produced by Wako 
Pure Chemical) in 6 ml of dichloromethane, was added to a 

15 solution of 0.506 g of Compound A acetate (produced by TAP 
Company) and 0.056 g of disodium pamoic acid in 3 ml of 
methanol to prepare a homogeneous solution. Prom the 
solution the organic solvent was volatilized off by a 
rotary evaporator. The residue was sieved into particles 

20 of size of 75 /urn or smaller. The resulting fine powder 

was again dispersed in distilled water and centrifuged at 
3,000 rpm. The separated drug, etc. was removed. The 
collected fine powder was again dispersed in a small amount 
of distilled water and lyophilized to yield powder. 

25 Encapsulation efficiency of Compound A in the powder was 
94.6%. Content of Compound A and pamoic acid/Compound A 
(mole ratio) in the microspheres were 75.7% and 0.60, 
respectively. 

30 Comparative Example 1 

An aqueous solution of 9.4225 g of Compound A acetate 
was dropwisely added to a solution of 1.942 g of pamoic 
acid dissolved in an aqueous sodium hydroxide solution 
(added pamoic acid/Compound A (mole ratio) =1.0) under 

35 stirring to yield pamoic acid salt of Compound A as 

precipitate. The resulting precipitate was washed with 
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large excess of water and lyophilized. Each component of 
the lyophilized powder was measured by HPLC, and as a 
result , pamoic acid/Compound A (mole ratio) in the 
lyophilized powder was 1.08. 

5 

Comparative Example 2 

An aqueous solution of 54.03 mg of disodium pamoic 
acid was dropwisely added to an aqueous solution of 235.5 
mg of Compound A acetate (added pamoic acid/Compound A 

Iq (molar ratio) , 1.0) under stirring to yield pamoic acid 
salt of Compound A as precipitate. The resulting 
precipitate was washed with large excess of water and 
lyophilized. Each component of the lyophilized powder was 
measured by HPLC, and as a result, pamoic acid/Compound A 

15 (molar ratio) in the lyophilized powder was 1.17. 

Comparative Example 3 

An aqueous solution of 27.02 mg of disodium pamoic 

acid was dropwisely added to an aqueous solution of 245.2 
20 nig of Compound A acetate (added pamoic acid/Compound A 

(mole ratio) =0.5) under stirring to yield pamoic acid salt 

of Compound A as precipitate. The resulting precipitate 

was washed with large excess of water and lyophilized. 

Each component of the lyophilized powder was measured by 
25 HPLC, and as a result, pamoic acid/Compound A (mole ratio) 

in the lyophilized powder was 1.26. 

Comparative Example 4 

The pamoic acid salt of Compound A of Comparative 
30 Example 1 was ground. Using the salt of pamoic acid having 
an average particle size of 14 /m, microspheres were 
prepared by the following procedure. 

Pamoic acid salt of Compound A (pamoic acid/Compound A 
(molar ratio) 1.08) was added to a solution of 1.04 g of 
35 lactic acid-glycolic acid copolymer (lactic acid/glycolic 
acid (molar ratio), 50/50; average-weight molecular weight, 
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12,700; number-average molecular weight, 4,780 and number- 
average molecular weight based on terminal group titration, 
4,500) in 4 ml of dichloromethane. The resultant mixture 
was emulsified with a small homogenizer to prepare S/O 
5 suspension. Using the suspension, microspheres were 
prepared in a similar manner to Example !• 

Encapsulation efficiency of Compound A into the 
microspheres was as low as 15%. Content of Compound A was 
6.1%. Prom the fact that pamoic acid/Compound A (mole 
10 ratio) in the microspheres was the same as 1.12 of before 
encapsulation, Compound A was encapsuled as the salt of 
pamoic acid per se and is not considered to form a salt of 
copolymer of lactic acid-glycolic acid. 

15 Comparative Example 5 

Microspheres were prepared in a similar manner to 
Example 3 except that pamoic acid and pyridine in Example 1 
were not used. Encapsulation ratio of Compound A into the 
microspheres was 41.1%. Content of Compound A in the 

2o microspheres was 18.5%. 

Comparative Example 6 

An aqueous solution of 108.06 mg of disodium pamoic 

acid was dropwisely added to an aqueous solution of 221.4 
25 mg of Compound B acetate (added pamoic acid/Compound B 

(molar ratio, 2.0) under stirring to yield pamoic acid salt 

of Compound B as precipitate. The resulting precipitate 

was washed with large excess of water and lyophilized. 

Each component of the lyophilized powder was measured by 
30 HPLC, and as a result, content of Compound B and pamoic 

acid/Compound B (mole ratio) in the lyophilized powder was 

86.7% and 1.11, respectively. 

Experiment 1 

35 Microspheres produced in Examples 1-7 or pamoic acid 

salt of Compound A produced in Comparative Experiment 1 




WO 98/32423 PCT/JP98/00339 

48 

(sieved into particles. of 25-75 /um) were used. About 6 mg 
of each of the particles were dispersed in 0.5 ml of a 
dispersant (distilled water dissolving 0.25 mg of 
carboxymethylcellulose, 0.5 mg of polysorbate 80 and 25 mg 
5 of mannitol). The dispersion was subcutaneously injected 
through 22 G needle into the back of male SD rats of 6-8 
weeks. At specified intervals, rats were sacrificed, and 
microspheres or pamoic acid salts remained at the injected 
sites were collected for determination of Compound A, and 
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the results are 


shown in 


Table 1. 
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1 week 


2 weeks 


3 weeks 


4 weeks 




Example 


1 


46% 


22% 


14% 


10% 


15 


Example 


2 


56% 


27% 


16% 


13% 




Example 


3 


63% 


35% 


19% 


12% 




Example 


4 


51% 


35% 


20% 


15% 




Example 


5 


63% 


33% 


16% 


9% 




Example 


6 


63% 


36% 


21% 


12% 


20 


Example 


7 


67% 


28% 


22% 


5% 




Ref .Ex. 


1 


40% 


18% 


13% 


4% 



Example 11 

An aqueous solution of 500 mg of 5-oxo-Pro-His-Trp- 
25 Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C 2 H 5 acetate (produced by 

Takeda Chemical Industries, Ltd. Herein after abbreviated 
to as Compound C) in 0.45 ml of distilled water was added 
to a solution of 1,800 mg of poly lactic acid (average- 
weight molecular weight, 50,000; number-average molecular 
30 weight, 25,000; produced by Taki Chemical) in 7.5 ml of 
dichloromethane. The resulting mixture was emulsified 
using a small homogenizer for 60 seconds to produce W/O 
emulsion, followed by addition of 0.85 ml of a solution of 
85 mg of disodium pamoic acid dissolved in methanol. The 
35 resulting mixture was again emulsified using a small 

homogenizer for 60 seconds to yield S/O suspension. After 
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being cooled to 18°C, the suspension was poured into 400 ml 
of 0.1 % aqueous solution of polyvinyl alcohol (EG-40, 
Nippon Synthetic Chemical Industry Co., Ltd.) containing 5% 
of mannitol. Using a turbine-type homomixer, the mixture 
5 was prepared into S/O/W emulsion at 7,000 rpm. The 

resulting emulsion was stirred at room temperature for 3 
hours to volatilize off dichloromethane and to solidify the 
oil phase, which was collected by centrifuge (5PR-22, 
Hitachi Ltd.) at 2,000 rpm. The resulting microspheres 

10 were dispersed in distilled water and further centrfiuged, 
followed by removing the separated drug, etc.. The 
collected microspheres were again dispersed in a small 
amount of distilled water and lyophilized to yield powdered 
microspheres. Encapsulation efficiency of Compound C into 

15 the microspheres was 86.4%. Content of Compound C and 
pamoic acid/Compound A (mole ratio) in the microspheres 
were 18.2% and 0.50, respectively. 

Example 12 

20 Microspheres were prepared in a similar manner to 

Example 11, except that the polylactic acid was replaced by 
1,500 mg of polylactic acid (weight-average molecular 
weight, 17,000; number-average molecular weight, 5,000; 
number-average molecular weight based on terminal group 

25 titration, 5,500; produced by Wako Pure Chemical), the 
amount of dichloromethane was changed to 8 ml and the 
methanol solution of disodium pamoic acid was replaced by 
1.1 ml of a distilled water solution. Encapsulation 
efficiency of Compound C into the microspheres was 92.8%. 

30 Content of Compound C and pamoic acid/Compound C (mole 
ratio) in the microspheres were 21.9% and 0.78, 
respectively. 

Example 13 

35 An aqueous solution of 1,000 mg of Compound C 

dissolved in 0.9 ml of distilled water was added to a 
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solution of 3,600 mg of lactic acid (weight-average 
molecular weight, 24.300; number-average molecular weight, 
7.790; number-average molecular weight based on terminal 
group titration, 8,000; produced by Wako Pure Chemical) in 
5 8 ml of dichloromethane. The resulting mixture was 

emulsified using a small homogenizer for 60 seconds to 
yield W/O emulsion, followed by addition of a solution of 
204 ml of disodium pamoic acid in 2 ml of methanol. The 
resulting mixture was again emulsified using a small 

10 . homogenizer for 60 seconds to produce an almost clear but 
slightly opaque yellow solution. After being cooled to 
18°C, the resulting yellow solution was poured into 800 ml 
of an aqueous solution of 0.1% polyvinyl alcohol (EG-40, 
produced by Nippon Synthetic Chemical) containing 5% 

15 mannitol. The resulting mixture was prepared into O/W 
emulsion by a turbine-type homomixer at 7,000 rpm. The 
resulting emulsion was stirred at room temperature for 3 
hours to volatilize off the dichloromethane and to solidify 
the oil phase, which was collected by centrifuge (05PR-22, 

2o Hitachi Ltd.) at 2,000 rpm. The resulting microspheres 
were again dispersed in distilled water and centrifuged, 
followed by removing the separated drug, etc.. The 
collected microspheres were again dispersed in a small 
amount of distilled water and lyophilized to yield powdered 

25 microspheres. Encapsulation efficiency of Compound C into 
the microspheres (average diameter 25 //m) was 100.0%. 
Content of Compound C and pamoic acid/Compound C (mole 
ratio) in the microspheres were 20.9% and 0.57, 
respectively. 

30 

Example 14 

Microspheres were prepared in a similar manner to 
Example 13 using yellow solution as prepared in Example 13, 
except that the polylactic acid was replaced by one 
35 (weight-average molecular weight, 40,000; number-average 
molecular weight, 26,700; produced by Taki Chemical) and 
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the amount of dichloromethane was changed to 9 ml. 
Encapsulation efficiency of Compound C into the 
microspheres was 100.3%. Content of Compound C and pamoic 
acid/Compound C (mole ratio) in the microspheres were 21.0% 
and 0.56, respectively. 

Example 15 

Microspheres were prepared in a similar manner to 
Example 13 except that amounts of the polylactic acid, 
dichloromethane, disodium pamoic acid and methanol were 
changed to 5000 mg r 10 ml, 130 mg and 1.3 ml, respectively 
(the oil phase was not a solution observed in Example 13 
but a W/O emulsion). The resulting microspheres were 
further dried at 55°C for 120 hours under reduced pressure 
in an oven. Encapsulation efficiency of Compound C into 
the microspheres was 100.0%. Content of Compound C and 
pamoic acid/Compound C (mole ratio) in the microspheres 
were 16.4% and 0.39, respectively. 

Comparative Example 7 

Microspheres were prepared in a similar manner to 
Example 11, except that the methanol solution of disodium 
pamoic acid was not added. Content of Compound C in the 
obtained microspheres was 7.7%. 

Comparative Example 8 

An aqueous solution of 500 mg of disodium pamoic acid 
was dropwisely added to an aqueous solution of 2936.5 mg of 
Compound C (added pamoic acid/Compound C (molar ratio), 
0.5) under stirring to yield pamoic acid salt. The 
resulting salt was washed with large excess of water and. 
lyophilized. By HPLC determination, pamoic acid/Compound C 
(molar ratio) in the lyophilized powder was 0.87. The 
powder was sieved to obtain particles of an average 
particle size of 10 /xm. The resulting powder were added 
to a solution of 1,800 mg of polyactic acid in 7.5 ml of 
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dichloromethane so that an amount of Compound C is equal to 
that in Example 11. Thus f microspheres were prepared using 
oil phase, wherein pamoic acid salt of Compound C was 
dispersed, by in-water drying method as a similar manner to 
5 Example 11, except that neither the aqueous solution of 
Compound C nor methanol solution of disodium pamoic aicd 
was added. Content of Compound C in the obtained 
microspheres was 7.4%. 



1q Comparative Example 9 

Microspheres were prepared in a similar manner to 
Example 12, except that an aqueous solution of disodium 
pamoic acid in distilled water was not added. Content of 
Compound C in the obtained microspheres was 11.3%. 



15 



INDUSTRIAL APPLICABILITY 
The microsphere of the present invention contains a 
large amount of the physiologically active peptide and can 
regulate a release rate of the physiologically peptide. 
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CIAIMS 



1. A method of producing a sustained-release 
microsphere which comprises emulsif ication of a 
physiologically active peptide or a salt thereof wherein 
said salt is not a pamoic acid salt and a pamoic acid or an 
alkaline metal salt thereof with a biodegradable polymer. 

2. The method according to claim 1, which comprises 
emulsif ication of a solution of the physiologically active 
peptide or a salt thereof wherein said salt is not a pamoic 
acid salt and a solution of the pamoic acid or an alkaline 
metal salt thereof in a solution of the biodegradable 
polymer with an organic solvent, and removing the solvent. 

3. The method according to claim 1, which comprises 
dissolving the physiologically active peptide or a salt 
thereof wherein said salt is not a pamoic acid salt, the 
pamoic acid or an alkaline metal salt thereof and the 
biodegradable polymer in an organic solvent, and removing 
the solvent. 

4. The method according to claim 1, which comprises 
emulsif ication of a solution of the physiologically active 
peptide or a salt thereof wherein said salt is not a pamoic 
acid salt and the biodegradable polymer with an organic 
solvent and a solution of the pamoic acid or an alkaline 
metal salt thereof, and removing the solvent. 

5. The method according to claim 1, which comprises 
emulsif ication of a solution of the biodegradable polymer 
and the pamoic acid or an alkaline metal salt thereof with 
an organic solvent and a solution of the physiologically 
active peptide or a salt thereof wherein said salt is not a 
pamoic acid salt, and removing the solvent. 

6. The method according to any one of claims 2 to 5, 
wherein the removing of the solvent is conducted by in- 
water drying method. 

7. The method according to claim 6, followed by freeze 
drying. 
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8. The method according to any one of claims 2 to 5, 
wherein a concentration of the physiologically active 
peptide in the solution mixture is about 1 to about 25 wt% 
of the solution mixture. 

9. The method according to any one of claims 2 to 5, 
wherein a concentration of the biodegradable polymer in the 
solution mixture is about 1 to about 25 wt% of the solution 
mixture. 

10. The method according to any one of claims 2 to 5, 
wherein a concentration of the pamoic acid or a salt 
thereof in the solution mixture is about 0.05 to about 5 
wt% of the solution mixture. 

11. The method according to claim 2 or 4, wherein the 
solution of the pamoic acid or a salt thereof is a methanol 
solution of the pamoic acid or a salt thereof. 

12. The method according to claim 4, wherein an amount 
of the solution of the pamoic acid or a salt thereof is 
about 2 to about 90 (v/v) % to the organic solvent of the 
physiologically active peptide and the biodegradable 
polymer in the solution mixture. 

13. The method according to claim 1, wherein the 
physiologically active peptide or a salt thereof is a free 
base or a salt with a weak acid of not less than pKa 4.0. 

14. The method according to claim 1, wherein the 
physiologically active peptide is a peptide having basic 
groups capable of forming salts with a pamoic acid. 

15. The method according to claim l f wherein the 
physiologically active peptide is a peptide having not less 
than 2 basic groups capable of forming salts with a pamoic 
acid. 

16. The method according to claim l f wherein the 
physiologically active peptide is an LH-RH agonist. 

17. The method according to claim 1, wherein the 
physiologically active peptide is an LH-RH antagonist. 
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18. The method according to claim 1, wherein the 
physiologically active peptide is a 5-oxo-Pro-His-Trp-Ser- 
Tyr-DLeu-Leu-Arg-Pro-NH-C2H5 or a salt thereof. 

19. The method according to claim 1, wherein the 
physiologically active peptide is a 5-oxo-Pro-His-Trp-Ser- 
Tyr-DLeu-Leu-Arg-Pro-NH-C2Hs acetate . 

20. The method according to claim 1, wherein the 
biodegradable polymer is a polymer of oj-hydroxy carboxylic 
acids. 

21. The method according to claim 20 f wherein the 
polymer of a-hydroxy carboxylic acids is a lactic 
acid/glycolic acid polymer. 

22. The method according to claim 21, wherein a 
composition ratio of lactic acid/glycolic acid is 100/0 to 
40/60 (mol%). 

23. The method according to claim 20, wherein a 
weight-average molecular weight of the biodegradable 
polymer is 3,000 to 100,000. 

24. The method according to claim 1, wherein the 
biodegradable polymer is a polylactic acid. 

25. The method according to claim 24, wherein a 
weight-average molecular weight of the biodegradable 
polymer is 10,000 to 60,000. 

26. The method according to any one of claims 2 to 5, 
wherein the organic solvent is a dichloromethane. 

27. The method according to claim 1, wherein the 
physiologically active peptide is a peptide having one 
basic group capable of forming a salt with a pamoic acid, 
and the sustained-release microsphere is a sustained- 
release microsphere comprising an about 0.01 to about 10 
jura particle size of a pamoic acid salt of the 
physiologically active peptide. 

28. The method according to claim 1, wherein the 
physiologically active peptide is a peptide having not less 
than 2 basic groups capable of forming salts with a pamoic 
acid, and the sustained-release microsphere is a sustained- 
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release microsphere comprising a complex or a salt formed 
by a physiologically active peptide, a pamoic acid or a 
salt thereof and a biodegradable polymer. 

29. A sustained-release microsphere which is 
obtainable by the method according to claim 1. 

30. A sustained-release microsphere which comprises an 
about 0.01 to about 10 jura particle size of a pamoic acid 
salt of the physiologically active peptide and a 
biodegradable polymer. 

31. A sustained-release microsphere which comprises a 
complex or a salt formed by a physiologically active 
peptide, a pamoic acid or a salt thereof and a 
biodegradable polymer. 

32. A sustained-release microsphere which comprises 
not more than about 0.8 mol of pamoic acid to 1 mol of 
physiologically active peptide. 

33. The sustained-release microsphere according to 
claim 32 , which comprises about 0.3 to about 0.7 mol of the 
pamoic acid to 1 mol of the physiologically active peptide. 

34. The sustained-release microsphere according to any 
one of claims 29 to 32 r wherein the physiologically active 
peptide is a physiologically active peptide having basic 
groups capable of forming salts with a weak acid of not 
less than pKa4.0. 

35. The sustained-release microsphere according to any 
one of claims 29 to 32 , wherein the physiologically active 
peptide is a peptide having basic groups capable of forming 
salts with a pamoic acid. 

36. The sustained-release microsphere according to any 
one of claims 29 to 32, wherein the physiologically active 
peptide is a peptide having not less than 2 basic groups 
capable of forming salts with a pamoic acid. 

37. The sustained-release microsphere according to any 
one of claims 29 to 32, wherein the physiologically active 
peptide is an LH-RH agonist. 
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38. The sustained-release microsphere according to any 
one of claims 29 to 32 , wherein the physiologically active 
peptide is an LH-RH antagonist. 

39. The sustained-release microsphere according to any 
one of claims 29 to 32 , wherein the physiologically active 
peptide is a 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH- 
C2H5 or a salt thereof. 

40. The sustained-release microsphere according to any 
one of claims 29 to 32 , wherein the physiologically active 
peptide is a 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH- 
C2H5 acetate. 

41. The sustained-release microsphere according to 
claim 29 or 31 , wherein the biodegradable polymer is a 
polymer of a-hydroxy carboxylic acids. 

42. The sustained-release microsphere according to 
claim 41, wherein the polymer of a-hydroxy carboxylic acids 
is a lactic acid/glycolic acid polymer. 

43. The sustained-release microsphere according to 
claim 42 , wherein a composition ratio of lactic 
acid/glycolic acid is 100/0 to 40/60 (mol%). 

44. The sustained-release microsphere according to 
claim 41, wherein a weight-average molecular weight of the 
polymer is 3,000 to 100,000. 

45. The sustained-release microsphere according to any 
one of claim 29 to 32, wherein the biodegradable polymer is 
a polylactic acid. 

46. The sustained-release microsphere according to 
claim 45, wherein a weight-average molecular weight of the 
biodegradable polymer is 10 r 000 to 60,000. 

47. The sustained-release microsphere according to any 
one of claims 29 to 32 , wherein a ratio of the 
physiologically active peptide in the sustained-release 
microsphere is about 15 to about 85 wt% of the sustained- 
release microsphere. 

48. The sustained-release microsphere according to any 
one of claims 29 to 32, wherein a ratio of the pamoic acid 
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or a salt thereof in the sustained-release microsphere is 
about 0.1 to about 25 wt% of the sustained-release 
microsphere. 

49. The sustained-release microsphere according to any 
one of claims 29 to 32, wherein a ratio of the 
biodegradable polymer in the sustained-release microsphere 
is about 15 to about 85 wt% of the sustained-release 
microsphere. 

50. The sustained-release microsphere according to 
claim 30 , wherein a ratio of the about 0.01 to about 10 //m 
particle size of a pamoic acid salt of the physiologically 
active peptide in the sustained-release microsphere is 
about 15 to about 90 wt% of the sustained-release 
microsphere. 

51 The sustained-release microsphere according to any 
one of claims 29 to 32, wherein the physiologically active 
peptide is 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH- 
C2H5 or a salt thereof and a content of the peptide is 
about 15 to about 30 wt% to the total microcapsule. 

52. A sustained-release microsphere which is produced 
by the method according to claim 1. 

53. A sustained-release preparation which comprises 
the microsphere according to any one of claims 29 to 32. 

54. The sustained-release preparation according to 
claim 53, which is an injectable preparation. 

55. A sustained-release preparation which comprises 
the microsphere according to claim 37 or 38. 

56. The sustained-release preparation according to 
claim 55, which is a treating or preventive agent for 
prostatic cancer, prostatic hypertrophy, endometriosis, 
hysteromyoma, dysmenorrhea, precocious puberty or breast 
cancer, or a contraceptive agent. 
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DESCRIPTION 
SUSTAINED-RELEASE PREPARATION AND USE 

Technical Field 

The present invention relates to a method of producing 
a sustained-release preparation containing a bioactive 
peptide possessing LH-RH-antagonizing activity or a salt 
thereof. 



Background Art 

As a prior art method, EP-A-601,799, for instance, 
describes a method of producing a sustained-release 
preparation (in-water drying method using an O/W emulsion, 
15 phase separation method and spray drying method), by 

dissolving both a bioactive peptide and a biodegradable 
polymer having a free carboxyl group at one end in a 
substantially water-immiscible solvent, then removing the 
solvent . 



Disclosure of Invention 

Although use of first- or second-generation LH-RH 
(lutein-izing hormone-releasing hormone) antagonists has 
been problematic because of their histamine-releasing 
25 action (Gekkan Yakuji, Vol. 32, pp. 1599-1605, 1990), a 

large number of compounds have been synthesized, resulting 
in the recent development of LH-RH-antagonizing bioactive 
peptides without the problem of histamine-releasing action 
(e.g., Japanese Patent Unexamined Publication No. 
30 101695/1991). For such LH-RH-antagonizing bioactive 
peptides to exhibit pharmaceutical effect, they must 
competitively inhibit LH-RH action constantly in the body. 
Accordingly, there is need for the development of 
sustained-release preparations such peptides, in addition, 
3 5 there is also need for the development of a method of 

producing a sustained-release preparation in which excess 
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drug release is suppressed just after administration , since 
such bioactive peptides possess low but not negligible 
histamine-releasing activity, Also f in sustained-release 
preparations of the long-acting type (e.g., 1-3 months), 
more reliable, constant release of bioactive peptide is a 
key to safe and more reliable effect. There is need for a 
method of producing a sustained-release preparation that 
constantly releases a bioactive peptide and that possesses 
excellent storage stability. 
The present invention relates to: 

(1) a method of producing a sustained-release preparation, 
which comprises producing a W/0 emulsion whose internal 
aqueous phase is a solution containing a bioactive peptide 
represented by the formula: 

8 CI OB 
I^B oh (^]) NB-A 

CH 2 CH2 CH2 CH2 CH 2 (CH 2 >4 

I I I I I I 

XCH2CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO- 

(D> (D) Q (D) 

CH(CH3) 2 HH-B 

CH 2 (CH 2 )4 CH 3 

NH-CH-CO-HH-CH-CO-N-CH-CO-NH-CH-CO-NH2 I I J 

(D) 

wherein X represents a hydrogen atom or a tetrahydrof uryl- 
carboxamido; Q represents a hydrogen atom or methyl; A 
represents nicotinoyl or N,N'-diethylaraidino? B represents 
isopropyl or N,N ' -diethylaraidino, or a salt thereof, and 
whose oil phase is a solution containing a biodegradable 
polymer having a free carboxyl group at one end, and adding 
the W/O emulsion into an external water phase to produce 
W/O/W emulsion, 

(2) a method of term 1 above, wherein the biodegradable 
polymer is an aliphatic polyester. 
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(3) a method of term 2 above, wherein the aliphatic 
polyester is a lactic acid-glycolic acid copolymer , 

(4) a method of term 3 above , wherein a composition ratio 
of lactic acid and glycolic acid is about 100/0 to about 

5 40/60 (mole%), 

(5) a method of term 3 above, wherein a weight-average 
molecular weight of the copolymer is about 5,000 to about 
25,000, 

(6) a method of term 1 above, wherein a peptide 

10 concentration in the internal aqueous phase is about 0.1 to 
about 150% (w/v), 

(7) a method of term 1 above, wherein a polymer 
concentration in the oil phase is about 0.01 to about 80% 
(w/w) , 

15 (8) a method of term 1 above, wherein a volume ratio of 

the internal aqueous and oil phase is about 1 to about 50% 
(v/v), 

(9) a method of term 1 above, wherein a volume of the 
external aqueous phase is about 1 to about 10,000 times 

20 that of the oil phase, 

(10) a method of term 1 above, wherein the preparation is 
microcapsules , 

(11) a method of term 1 above, wherein X is 2- 
tetrahydrofurylcarboxamido, 

25 (12) a method of term 11, wherein the 2- 

tetrahydrofurylcarboxamido is ( 2S)-tetrahydrof urylcar- 
boxamido, 

(13) a method of term 1 above, wherein the peptide is of 
the formula: 



35 
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CI OH 



^3 p - ^» 



NH-CO 

CH 2 CH 2 CH 2 CH 2 <CH 2 ) 4 

:0-NH-CK 2 CO -MH-CH-CO-MH-CH-CO-NH-CB-CO-HH-CH-CO-H-CH-CO-HH-CH-CO- 
(D) (D) CH 3 (D) 



CH{CH 3 ) 2 
CH(CH3) 2 MH 

CB 2 (CH 2 > 4 r-^l CH 3 

NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO-NH 2 

(D) 



(14) a method of term 1 above, wherein the peptide is of 
the formula: 

C1 OH NH-CH 2 CH3 

15 )==( J. /r? rtsL. C-N-CH2CH3 



<s P r 4 s 



NH 

I 



CH 2 CH 2 CH 2 CH 2 (CH 2 ) 4 

l I I I l 

CH3CO-HH-CH-CO-HH-CH-CO-NH-CH-CO-HH-CH-CO-H-CH-CO-HH-CH-CO- 
(D) (D) CH 3 (D) 

20 HH-CH 2 CH3 

C-H-CH 2 CH 3 

CH(CH 3 ) 2 HH 

CH 2 (CH 2 ) 4 n CH3 

NH-CH-CO-HH-CH-CO-N-CH-CO-NH-CH-CO-NH2 

(D) 

(15) a sustained-release preparation , which is produced by 
the method of term 1 above, 

(16) a preparation of terra 15 above, wherein a content 
ratio of the peptide is about 0.01 to about 50% (w/w) , 
relative to the polymer, 

(17) a preparation of term 15 above, wherein the 
preparation is microcapsules, and 

(18) a preparation of term 17 above, wherein the 
microcapsules are for injection. 

Abbreviations used in the present specification have 
the following meanings. 
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NAcD2Nal : N-ace ty l-D-3- ( 2-naphthyl ) alanyl 

D4ClPhe : D-3- ( 4-chloropheny 1 ) alanyl 

D3Pal : D-3- (3-pyridyl) alanyl 

NMeTyr : N-methyltyrosyl 

DLys ( Nic ) : D- ( ipsi r on-N-nicot inoyl ) lysyl 

Lys ( Nisp ) : ( ips i r on-N-isopropy 1 ) lysyl 

DhArg(Et 2 ) : D- (N,N ■ -diethyl )homoarginyl 

Abbreviations for other amino acids are based on 
abbreviations specified by the IUPAC-IUB Commission on 
Biochemical Nomenclature (European Journal of Biochemistry , 
Vol. 138, pp. 9-37 r 1984) or abbreviations in common use in 
relevant fields. When an optical isomer may be present in 
amino acid, it is of the L-conf iguration, unless otherwise 
stated. 



In the present invention, the bioactive peptide 
represented by formula [I] (hereinafter also referred to as 
peptide (I]) or a salt thereof possesses LH-RH-antagonizing 
activity, and accordingly, is effective in the treatment of 
hormone-dependent diseases, such as prostatic cancer, 
prostatic hypertrophy, endometriosis, uterine myoma, 
uterine fibroma, precocious puberty, breast cancer, bladder 
cancer, cervical cancer, chronic lymphocytic leukemia, 
chronic myelocytic leukemia, colorectal cancer, gastritis, 
hodgkin's disease, malignant melanoma, metastasis, multiple 
myeloma, non-hodgkin' s leukemia, non-small-cell lung 
cancer, ovarian cancer, peptic ulcer, serious fungal 
infection, small-cell lung cancer, valvular heart disease, 
mastopathy, polycystic ovary, infertility, controlled 
induction of ovulation in women with chronic anovulation, 
acne, amenorrhea (e.g., secondary amenorrhea), ovarian and 
mammary cystic disease (including, polycystic ovarian 
diseases), gynecological cancer, ovarian hyperandrogenism 
and hirsutism, AIDS by rejuvenating the thymus to produce 
T-cells, male contraceptives for the treatment of male sex 
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offenders and in contraception, symptomatic relief of the 
premenstrual syndrome (PMS), in vitro fertilization. 

With respect to the formula [I], X is preferably 2- 
tetrahydrof urylcarboxamido , more preferably (2S)-tetra- 
hydrofurylcarboxamido. Also, A is preferably nicotinoyl; B 
is preferably isopropyl. 

When peptide [I] has one or more kinds of asymmetric 
carbon atoms, two or more optical isomers are present. 
Such optical isomers and mixtures thereof are also included 
in the scope of the present invention. 

Peptide [I] or a salt thereof can be produced by known 
methods, which include those methods described in Japanese 
Patent Unexamined Publication No. 101695/1994 and the 
Journal of Medicinal Chemistry, Vol. 35, p. 3942 (1992) and 
other publications, and similar methods. 

The salt of peptide [I] is preferably a pharmacologi- 
cally acceptable salt. Such salts include salts with 
inorganic acids (e.g., hydrochloric acid, sulfuric acid, 
nitric acid, etc.), organic acids (e.g., carbonic acid, 
bicar-bonic acid, succinic acid, acetic acid, propionic 
acid, trif luoroacetic acid, etc.) etc. More preferably, 
the salt of peptide [I] is a salt with an organic acid 
(e.g., carbonic acid, bicarbonic acid, succinic acid, 
acetic acid, propionic acid, trif luoroacetic acid, etc.), 
with greater preference given to the salt with acetic acid. 
These salts may be mono- to tri-salts, with preference 
given to di- or tri-salts. 

Examples of particularly preferable peptide [I] 
compounds or salts thereof are given below. 
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(1) 



Cl OH 



^ p oh ^.J 



CH2 CB2 C fl 2 CH2 CH2 (CH2>4 

NH-CH2CO-HH-CH-CO-NH-CH-CO-HH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO 
(D) (D) CH3 (D) 



CH(CH 3 ) 2 

CH(CH 3 ) 2 NH 
I I 

CH 2 (CH 2 )4 C\ CH 3 

NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO-HH2 

(D) 

( 2 ) // W CX OH 



^3 p f ^ 



NH-CO 

I 1 CH 2 CH 2 CH 2 CH 2 CH 2 <CH 2 U 

(D) (D) CH 3 (D) 

CH(CH 3 ) 2 

CH(CH 3 )2 NH 
1 



CH 2 <CH 2 )4 p^j CH 3 

NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO-NH 2 • ro( CH3COOH ) 

(D) 

wherein, m represents an integer from 1 to 3. 
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3 .. „ w D HE-CB 2 CB 3 



CI 

C-H-CH2CH3 



NH 

, I 
CH 2 CH2 ™2 CH 2 CH2 (CH 2 >4 

CH3CO-HH-CH-CO-NH-CH-CO-KH-CH-CO-NH-CH-CO-N-CH-CO-HH-CH-CO- 

5 (D) <D> CH 3 (D) 

NH-CH2CH3 
I 

C-N-CH2CH3 
CH(CH3>2 HH 

CH2 (CH2)4 n CH 3 

1 0 NH-CH-CO-NH-CH-CO-H-CH-CO-NH-CH-CO-NH2 

(D) 

(4) f\ CI OH HH-CH2CH3 

X ' 1 C-N-CH2CH3 



^3 p- - ^ 



NH 



15 CH 2 CH 2 CH 2 CH 2 CH2 (CH2)4 

11 I III 

CH3CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO- 

(D) (D) CH 3 (D) 

NH-CH2CH3 
I 

C-N-CH2CH3 
• 

20 CH(CH 3 )2 NH 

CH 2 (CB 2 )4 n CH 3 

1 1 1 1 1 

NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO-NH2 • n(CH3COOH) 

(D) 

wherein, n represents an integer from 1 to 3. 
25 Peptide [I] or salt thereof is preferably (1) or (2) 

above . 



The biodegradable polymer having a free carboxyl group 
at one end is a biodegradable polymer whose GPC measure- 
30 merit- and terminal group quantitation-based number-average 
molecular weights almost agree with each other. 

Number-average molecular weight based on terminal 
group quantitation is calculated as follows: 

About 1 to 3 g of the biodegradable polymer is 
35 dissolved in a mixed solvent of acetone (25 ml) and 
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methanol (5 ml); the solution is quickly titrated with a 
0.05 N alcoholic solution of potassium hydroxide while 
stirring at room temperature (20°C), with phenolphthalein 
as an indicator to determine carboxyl group content? the 
number-average molecular weight is calculated from the 
following equation: 

Number-average molecular weight based on terminal 
group quantitation = 20,000 x A/B 

where A is the weight mass (g) of the biodegradable 
polymer, and B is the amount (ml) of the 0.05 N alcoholic 
solution of potassium hydroxide added until the titration 
end point is reached. 

For example, in the case of a polymer having a free 
carboxyl group at one end f and synthesized from one or more 
a-hydroxy acids by catalyst-free dehydration polymerization 
condensation, the GPC measurement- and terminal group 
quantitation-based number-average molecular weights almost 
agree with each other. On the other hand, in the case of a 
polymer having substantially no free carboxyl group at one 
end, and synthesized from a cyclic dimer by ring-opening 
polymerization using a catalyst, the number-average 
molecular weight based on terminal group quantitation is 
significantly higher than that based on GPC measurement. 
This difference makes it possible to clearly differentiate 
a polymer having a free carboxyl group at one end from a 
polymer having substantially no free carboxyl group at one 
end. 

While the number-average molecular weight based on 
terminal group quantitation is an absolute value, that 
based on GPC measurement is a relative value, that varies 
depending on various analytical conditions (e.g., kind of 
mobile phase, kind of column, reference substance, slice 
width, baseline). It is therefore difficult to have an 
absolute numerical representation of both values. However, 
the fact that the GPC measurement- and terminal group 
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agree with each other means that the number-average 
molecular weight based on terminal group quantitation falls 
within the range from about 0-4 to about 2 times, prefer- 
ably from about 0.5 to about 2 times , and more preferably 
from about 0.8 to about 1.5 times , that based on GPC 
measurement. Also f the fact that the number-average 
molecular weight based on terminal group quantitation is 
significantly higher than that based on GPC measurement 
means that the number-average molecular weight based on 
terminal group quantitation is about 2 times or more that 
based on GPC measurement. 

Examples of biodegradable polymers having a free 
carboxyl group at one end include polymers, copolymers , or 
mixtures thereof, synthesized by catalyst-free dehydration 
polymerization condensation from one or more ar- 
hydroxycarboxylic acids (e.g., glycolic acid, lactic acid, 
hydroxybutyric acid, etc.), hydroxydicarboxylic acids 
(e.g., malic acid, etc.), hydroxytricarboxylic acids (e.g., 
citric acid, etc.) etc., poly-or-cyanoacrylates, polyamino 
acids (e.g., poly-y-benzyl-L-glutamic acid, etc.), maleic 
anhydride copolymers (e.g., styrene-raaleic acid copolymer, 
etc.) and the like. 

The biodegradable polymer is preferably an aliphatic 
polyester such as a homopolymer, copolymer or mixture 
thereof synthesized from one or more a-hydroxycarboxylic 
acids (e.g., glycolic acid, lactic acid, hydroxybutyric 
acid, etc.), hydroxydicarboxylic acids (e.g., malic acid, 
etc.), hydroxytricarboxylic acids (e.g., citric acid, etc.) 
and so on. 

Polymerization may be of the random, block or graft 
type. When the above-mentioned or-hydroxy acids, hydroxy- 
dicarboxylic acids and hydroxytricarboxylic acids have an 
optically active center in their molecular structures, they 
may be of the D-, L— or DL-conf iguration. 
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The biodegradable polymer having a free carboxyl group 
at one end is preferably (1) a lactic acid-glycolic acid 
copolymer or (2) a biodegradable polymer comprising a 
mixture of (A) a copolymer of glycolic acid and a hydroxy- 
carboxylic acid represented by the formula: 



wherein R represents an alkyl group having 2 to 8 carbon 
atoms, and (B) polylactic acid. More preferably, the 
biodegradable polymer having a free carboxyl group at one 
end is a lactic acid-glycolic acid copolymer. 

When a lactic acid/glycolic acid copolymer is used as 
the biodegradable polymer, its content ratio (lactic 
acid/glycolic acid) (raol%) is preferably about 100/0 to 
about 40/60, more preferably about 90/10 to about 50/50. 

The weight-average molecular weight of the lactic 
acid/glycolic acid copolymer is preferably about 5,000 to 
about 25,000, more preferably about 7,000 to about 20,000, 
still more preferably about 8,000 to about 15,000. 

The degree of dispersion of the lactic acid/glycolic 
acid copolymer (weight-average molecular weight/number- 
average molecular weight) is preferably about 1.2 to about 
4.0, more preferably about 1.5 to about 3.5. 

The lactic acid-glycolic acid copolymer can be 
produced by a known production method, such as that 
described in Japanese Patent Unexamined Publication Mo. 
28521/1986. 

The decomposition/elimination rate of a lactic 
acid/glycolic acid copolymer varies widely, depending on 
composition or molecular weight. However, drug release 
duration can be extended by lowering the glycolic acid 



R 



[II] 



HOCHCOOH 
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ratio or increasing the molecular weight, since decomposi- 
tion/elimination is delayed as the glycolic acid ratio 
decreases. Conversely, drug release duration can be 
shortened by increasing the glycolic acid ratio or 
decreasing the molecular weight. To obtain a sustained- 
release preparation of the long acting type (e.g., 1-4 
months), it is preferable to use a lactic acid-glycolic 
acid copolymer whose content ratio and weight-average 
molecular weight fall in the above ranges. If choosing a 
lactic acid-glycolic acid copolymer that decomposes more 
rapidly than that whose content ratio and weight-average 
molecular weight fall in the above ranges, the initial 
burst is difficult to suppress; if choosing a lactic acid- 
glycolic acid copolymer that decomposes more slowly than 
that whose content ratio and weight-average molecular 
weight fall in the above ranges, it is likely that no 
effective amount of drug is released for a certain period 
of time. 

With respect to the formula [II] above, the linear or 
branched alkyl group represented by R, which has 2 to 8 
carbon atoms, is exemplified by ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, 
neopentyl, tert-pentyl, 1-ethylpropyl , hexyl, isohexyl, 
1,1-dimethylbutyl, 2 , 2-dimethylbutyl , 3 , 3-dimethylbutyl and 
2-ethylbutyl. Preferably, a linear or branched alkyl group 
having 2 to 5 carbon atoms is used. Such alkyl groups 
include ethyl, propyl, isopropyl, butyl and isobutyl. More 
preferably, R is ethyl. 

The hydroxycarboxylic acid represented by the formula 
[II] is exemplified by 2-hydroxybutyr ic acid, 2- 
hydroxyvaleric acid, 2-hydroxy-3-methylbutyric acid, 2- 
hydroxycaproic acid, 2-hydroxyisocaproic acid and 2- 
hydroxycapric acid, with preference given to 2-hydroxy- 
butyric acid, 2-hydroxy valeric acid, 2-hydroxy-3-methyl- 
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butyric acid and 2-hydroxycaproic acid/ with greater 
preference given to 2-hydroxybutyric acid. Although the 
hydroxycarboxylic acid may be of the L- or D,L- 

configuration, it is preferable to use a mixture of the D- 
and L-conf igurations wherein the ratio of the D-/L- 
conf iguration (mol%) preferably falls within the range from 
about 75/25 to about 25/75 , more preferably from about 
60/40 to about 40/60 , and still more preferably from about 
55/45 to about 45/55. 

With respect to the copolymer of glycolic acid and the 
hydroxycarboxylic acid represented by the formula [II] 
(hereinafter glycolic acid copolymer (A)), polymerization 
may be of random, block or graft type. A random copolymer 
is preferred. 

The hydroxycarboxylic acid represented by the formula 
[II] may be a mixture of one or more kinds in a given 
ratio. 

With respect to the content ratio of glycolic acid and 
the hydroxycarboxylic acid represented by the formula [II] 
in glycolic acid copolymer (A) , it is preferable that 
glycolic acid account for about 10 to 75 mol% and hydroxy- 
carboxylic acid for the remaining portion. More prefer- 
ably, glycolic acid accounts for about 20 to about 75 mol% r 
and still more preferably about 40 to about 70 mol%. The 
weight-average molecular weight of the glycolic acid 
copolymer is normally about 2,000 to about 50,000, 
preferably about 3,000 to about 40,000, and more preferably 
about 8,000 to about 30,000. The degree of dispersion of 
the glycolic acid copolymer (weight-average molecular 
weight/number-average molecular weight) is preferably about 
1.2 to about 4.0, more preferably about 1.5 to about 3.5. 

Glycolic acid copolymer (A) above can be produced by a 
known processes, such as that described in Japanese Patent 
Unexamined Publication No. 28521/1986. 
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Although the polylactic acid may also be of the D- or 
L-conf iguration or a mixture thereof, it is preferable that 
the ratio of the D-/L-conf iguration (mol%) falls within the 
range from about 75/25 to about 20/80. The ratio of the 
D-/L-conf iguration (mol%) is more preferably about 60/40 to 
about 25/75, and still more preferably about 55/45 to about 
25/75. The weight-average molecular weight of the poly- 
lactic acid is preferably about 1,500 to about 30,000, more 
preferably about 2,000 to about 20,000, and still more 
preferably about 3,000 to about 15,000. Also, the degree 
of dispersion of the polylactic acid is preferably about 
1.2 to about 4.0, more preferably about 1.5 to about 3.5. 

For producing polylactic acid, two methods are known: 
ring-opening polymerization of lactide, a dimer of lactic 
acid, and dehydration polymerization condensation of lactic 
acid. For obtaining a polylactic acid of relatively low 
molecular weight for the present invention, direct 
dehydration polymerization condensation of lactic acid is 
preferred. This method is, for example, described in 
Japanese Patent Unexamined Publication No. 28521/1986. 

Glycolic acid copolymer (A) and polylactic acid (B) 
are used in a mixture wherein the (A)/(B) ratio (% by 
weight) falls within the range from about 10/90 to about 
90/10. The mixing ratio is preferably about 20/80 to about 
80/20, and more preferably about 30/70 to about 70/30. If 
either component (A) or (B) is in excess, the preparation 
obtained shows a drug release pattern no more than that 
obtained with the use of component (A) or (B) alone; no 
linear release pattern is expected in the last stage of 
drug release from the mixed base. Although the decomposi- 
tion/elimination rates of glycolic acid copolymer (A) and 
polylactic acid vary widely, depending on molecular weight 
or composition, drug release duration can be extended by 
increasing the molecular weight of the polylactic acid or 
lowering the mixing ratio (A)/(B), since the decomposi- 
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tion/elimination rate of glycolic acid copolymer (A) is 
usually higher than that of polylactic acid. Conversely, 
drug release duration can be shortened by decreasing the 
molecular weight of polylactic acid or increasing the 
mixing ratio (A)/(B). Drug release duration can also be 
adjusted by altering the kind and content ratio of 
hydroxycarboxylic acid represented by the formula [II) . 

In the present specif ication, weight-average molecular 
weight and degree of dispersion are defined as the molec- 
ular weight based on polystyrene obtained by gel permeation 
chromatography (GPC) with 9 polystyrenes as reference 
substances with respective weight-average molecular weights 
Of 120,000, 52,000, 22,000, 9,200, 5,050, 2,950, 1,050, 580 
and 162, and degree of dispersion calculated. Measurements 
were taken using a GPC column KF804Lx2 (produced by Showa 
Denko, Japan) and an RI monitor L-3300 (produced by 
Hitachi, Ltd., Japan) with chloroform as the mobile phase. 

The production method of the present invention is 
hereinafter described in detail. 

First, peptide [I] or a salt thereof (hereinafter also 
referred to as a drug) is dissolved or dispersed in water, 
with a drug support when necessary, such as gelatin, agar, 
polyvinyl alcohol or a basic amino acid (e.g., arginine, 
histidine, lysine), dissolved or suspended, to yield an 
internal aqueous phase. 

The drug concentration in the internal aqueous phase 
is preferably about 0.1 to about 150% (w/v), more 
preferably about 20 to about 130% (w/v), and still more 
preferably about 60 to about 120% (w/v). 

The internal aqueous phase also may be supplemented 
with a pH regulator for retaining drug stability and 
solubility, such as carbonic acid r acetic acid, oxalic 
acid, citric acid, phosphoric adid, hydrochloric acid, 
sodium hydroxide, arginine, lysine or salt thereof. In 
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addition, albumin, gelatin, citric acid, sodium 
ethylenediamine tetraacetate , dextrin, sodium hydrogen 
sulfite, polyol compounds such as polyethylene glycol, 
etc., as drug stabilizers, and p-oxybenzoates (e.g., methyl 
paraben, propyl paraben, etc.), benzyl alcohol, 
chlorobutanol, thimerosal etc., as preservatives, may be 
added • 

The internal aqueous phase thus obtained is added to a 
solution containing a biodegradable polymer having a free 
carboxyl group at one end (hereinafter also referred to as 
polymer) (oil phase), followed by emulsif ication, to yield 
a W/O emulsion. This emulsif ication is achieved by a known 
dispersing method, such as the intermittent shaking method, 
the method using a mixer, such as a propeller stirrer or a 
turbine stirrer, the colloidal mill method, the homogenizer 
method or the ultrasonication method. 

The above-described polymer-containing solution (oil 
phase) is prepared by dissolving a polymer in a sub- 
stantially water-immiscible organic solvent. The water 
solubility of the organic solvent is preferably not higher 
than 3% (w/w) at normal temperature (20°C). Also, the 
boiling point of the organic solvent is preferably not 
higher than 120°C. Useful organic solvents include 
halogenated hydrocarbons (e.g., dichloromethane, chloro- 
form, chloroethane, trichloroethane, carbon tetrachloride, 
etc.), alkyl ethers having 3 or more carbon atoms (e.g., 
isopropyl ether, etc.)' alkyl ester (4 or more carbon 
atoms) of fatty acids (e.g., butyl acetate, etc.)/ aromatic 
hydrocarbons (e.g., benzene, toluene, xylene, etc.) and the 
like. These solvents may be used in combination. The 
organic solvent is more preferably a halogenated 
hydrocarbon (e.g., dichloromethane, chloroform, 
chloroethane, trichloroethane, carbon tetrachloride, etc.), 
and still more preferably dichloromethane. 
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The polymer concentration in the oil phase varies, 
depending on the molecular weight of the polymer and the 
kind of solvent, and is preferably about 0.01 to about 80% 
(w/w), more preferably about 0.1 to about 70% (w/w), and 
still more preferably about 1 to about 60% (w/w). 

In a sustained-release preparation, the content ratio 
of drug varies depending on the kind of. drug, desired 
pharmacologic effect, duration of action and other factors, 
and is about 0.01 to about 50% (w/w), relative to the base 
biodegradable polymer. The ratio is preferably about 0.1 
to about 40% (w/w), more preferably about 1 to about 30% 
(w/w) . 

Next, the W/O emulsion thus produced is subjected to 
in-water drying. The in-water drying method is carried out 
by adding the W/0 emulsion to an aqueous phase (external 
aqueous phase) to yield a W/O/W emulsion, and removing the 
solvent from the oil phase. 

The volume of the external aqueous phase is normally 
selected within the range from about 1 to about 10,000 
times, preferably about 2 to about 5,000 times, and more 
preferably about 5 to about 2,000 times, that of the oil 
phase. 

An emulsifier may be added to the external aqueous 
phase. The emulsifier may be any one, as long as it is 
capable of forming a stable W/O/W emulsion. Such 
emulsifiers include anionic surfactants (e.g., sodium 
oleate, sodium stearate, sodium lauryl sulfate, etc.), 
nonionic surfactants [e.g., polyoxyethylene sorbitan fatty 
acid esters (Tween 80, Tween 60, Atlas Powder Company), 
polyoxyethylene castor oil derivatives (e.g., HCO-60, HCO- 
50, Nikko Chemicals), etc.], polyvinylpyrrolidone, 
polyvinyl alcohol, carboxymethyl cellulose, lecithin, 
gelatin, hyaluronic acid and the like. Among these, a 
preferred emulsifier is polyvinyl alcohol. These 
emulsifiers may be used singly or in combination. Their 
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concentration can be chosen as appropriate over the range 
from about 0.001 to about 20% (w/w), preferably from about 
0.01 to about 10% (w/w), and more preferably from about 
0.05 to about 5% (w/w) . 

An osmotic pressure adjustor may also be added to the 
above external aqueous phase. 

Any osmotic pressure adjustor can be used in the 
invention, so long as it produces osmotic pressure in an 
aqueous solution therof. 

Examples of the osmotic pressure adjustor include 
water-soluble polyhydric alcohols; water-soluble monohydric 
alcohols; water-soluble monosaccharides, disaccharides and 
oligosaccharides or their derivatives? water-soluble amino 
acids; water-soluble peptides, proteins or their 
derivatives and the like. 

Examples of the above water-soluble polyhydric 
alcohols include dihydric alcohols (e.g., glycerin, etc.), 
pentahydric alcohols (e.g., arabitol, xylitol, adonitol, 
etc.), hexahydric alcohols (e.g., mannitol, sorbitol, 
dulcitol, etc.) and the like. Among them, hexahydric 
alcohols, especially, mannitol is preferred. 

Examples of the above water-soluble monohydric 
alcohols include methanol, ethanol, isopropyl alcohol and 
the like. Among them, ethanol is preferred. 

Examples of the above water-soluble monosaccharides 
include pentoses (e.g., arabinose, xylose, ribose, 2- 
deoxyri-bose, etc.), hexoses (e.g., glucose, fructose, 
galactose, mannose, sorbose, rhamnose, fucose, etc) and the 
like. Among them, hexoses are preferred. 

Examples of the above water-soluble disaccharides 
include maltose, cellobiose, a,ar-trehalose, lactose, 
sucrose and the like. Among them, lactose and sucrose are 
preferred. 

Examples of the above water-soluble oligosaccharides 
include trisaccharides (e.g., maltotriose, raffinose, 
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etc.)/ tetrasaccharides (e.g., stachyose,' etc. ) and the 
like. Among them trisaccharides are preferred. 

Examples of the derivatives of the above 
monosaccharides, disaccharides and oligosaccharides include 
5 glucosamine, galactosamine, glucuronic acid, galacturonic 
acid and the like. 

Examples of the above water-soluble amino acids 
include neutral amino acids such as glycine, alanine, 
valine, leucine, isoleucine, phenylalanine, tyrosine, 
10 tryptophan, serine, threonine, proline, hydroxyproline, 

cysteine, methionine and the like; acidic amino acids such 
as aspartic acid, glutamic acid and the like; basic amino 
acids such as lysine, arginine, histidine and the like. 
There can also be used salts of these water-soluble amino 
15 acids with acids (e.g., hydrochloric acid, sulfuric acid, 
phosphoric acid, etc.) or alkalis (e.g., alkaline metals 
such as sodium, potassium and the like, etc.). 

Examples of the water-soluble peptides, proteins or 
their derivatives include casein, globulin, prolamine, 
2 0 albumin, gelatin and the like. 

Among these materials, water-soluble polyhydric 
alcohols; and water-soluble monosaccharides, disaccharides 
and oligosaccharides or their derivatives are preferred, 
water-soluble polyhydric alcohols and water-soluble 
2S monosaccharides being more preferred and water-soluble 
polyhydric alcohols being most preferred. 

These osmotic pressure adjustors can be used alone or 
in combination thereof, a concentration of the osmotic 
pressure adjuster is selected so that the tonicity of the 
external aqueous phase is about 1/50 to about 5 times, 
preferably about 1/25 to about 3 times, that of 
physiological saline. For example, when the osmotic 
pressure adjustors are non-inonic materials, the 
concentration of these osmotic pressure adjustors in the 
35 external aqueous phase is about 0.001% to about 60% (w/w), 
preferably about 0.01 to about 40% (w/w), more preferably' 
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about 0.05 to about 30% <w/w), particularly preferably 
about 1 to about 10% (w/w) . When the osmotic pressure 
adjustors are ionic materials , they are used in a 
concentration calculated by dividing the above 
concentration by the total ionic valency. The osmotic 
pressure adjustors may be added so that their concentration 
becomes more than their solubility, and. a part of them may 
be dispersed. 
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In the production method of the present invention, it 
is preferable that during formation of a W/O/W emulsion, 
the viscosity of the W/O emulsion be adjusted to about 150 
cp to about 10,000 cp. Viscosity-adjusting methods include 
(1) adjusting the biodegradable polymer concentration of 
the oil phase, (2) adjusting the volume ratio of aqueous 
and oil phases, (3) adjusting the temperature of the W/O 
emulsion (4) adjusting external aqueous phase temperature, 
(5) and adjusting the temperature of the W/O emulsion using 
a line heater, cooler, or the like, during injection of the 
W/O emulsion to the external aqueous phase. These methods 
may be used singly or in combination. 

In essence, in the present method it is necessary to 
adjust the viscosity of the W/O emulsion to about 150 cp to 
about 10,000 cp when the W/O emulsion turns to a W/O/W 
emulsion. 

With respect to (1) above, the biodegradable polymer 
concentration in the oil phase cannot definitely be 
determined, because it varies depending on the kind of 
biodegradable polymer, kind of organic solvent and other 
factors, but is preferably about 10 to about 80% (w/w). 

With respect to (2) above, the volume ratio of the 
aqueous and oil phases also cannot definitely be 
determined, because it varies depending on kind and amount 
of drug and oil phase nature, but the W/O ratio is 
preferably about 1 to about 50% (v/v). 
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With respect to (3) above, the temperature of the W/O 
emulsion, if adjusted, falls within the range from about 
-20°C to the organic solvent's boiling point, preferably 
about 0 to about 30°C, and more preferably about 10 to 
about 20°C. 

The viscosity of the W/O emulsion viscosity can be 
adjusted during production of the W/O emulsion, in cases 
(1) and (2) above. 

With respect to (4) above, it is recommended that the 
temperature of the external aqueous phase be previously 
adjusted before the W/O emulsion is added thereto, to yield 
results similar to those obtained in (3) above. 

The temperature of the external aqueous phase is about 
5 to about 30°C, preferably about 10 to about 25°C, and 
more preferably about 12 to about 20°C. 

Organic solvent can be removed by known methods, 
including the method in which the solvent is evaporated 
under normal or gradually reduced pressure during stirring 
using a propeller stirrer, magnetic stirrer or the like, 
and the method in which the solvent is evaporated while the 
degree of vacuum is adjusted using a rotary evaporator or 
the like. 



The thus-obtained sustained-release preparation, in 
the form of e.g., microcapsules ("microcapsules'* may be 
also referred to as "microspheres"), is centrifuged or 
filtered to separate its particles, which are then washed 
with distilled water several times to remove the free drug, 
drug support, emulsifier etc. adhering to the microcapsules 
surface, and again dispersed in distilled water etc. and 
lyophilized. 

An anticoagulant may be added to the above 
lyophilization. The anticoagulant is exemplified by water- 
soluble polysaccharides such as mannitol and starches 
(e.g., corn starch), inorganic salts, amino acids, and 
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proteins. The anticoagulant is preferably mannitol. The 
mixing ratio (weight ratio) of the microcapsules and 
anticoagulant is about 50:1 to about 1:1, preferably about 
20:1 to about 1:1 , still more preferably about 10:1 to 
about 5:1. 

To prevent mutual aggregation of particles during 
washing, an anticoagulant may be added to the distilled 
water for washing. The anticoagulant is exemplified by 
water-soluble polysaccharides such as mannitol, lactose, 
glucose and starches (e.g., corn starch, etc.), proteins 
such as glycine, fibrin, collagen, etc., and inorganic 
salts such as sodium chloride, sodium hydrogen phosphate, 
etc. The preferred anticoagulant is mannitol. 

After lyophilization, the microcapsules may be heated 
under reduced pressure to further remove the water and 
organic solvent therefrom, where desired. 

If the heating temperature is below the glass 
transition temperature of the biodegradable polymer 
component, the effect of inhibiting the initial burst of 
the bioactive peptide will not be obtained. Conversely, if 
the temperature is too high, the risk of aggregation and 
deformation of microcapsules and decomposition or 
degradation of the bioactive peptide will be increased. 
The heating time cannot be specified in general terms but 
can be determined in consideration of the physical 
properties (e.g. molecular weight, stability, etc.) of the 
component biodegradable polymer, species of bioactive 
peptide, particle average diameter of microcapsules , 
heating time, degree of desiccation of microcapsules and 
heating procedure. 

As a preferred procedure, the microcapsules are heated 
at a temperature not below the glass transition temperature 
of the biodegradable polymer component and not so high as 
to cause aggregation of the microcapsules. For still 
better results, the heating temperature is preferably 
selected within the range from the glass transition 
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temperature of the biodegradable polymer component to about 
30 P C higher than the glass transition temperature of the 
component biodegradable polymer. Here, glass transition 
temperature is defined as the intermediate glass transition 
5 temperature determined using a differential scanning 
calorimeter during heating at a rate of 10 or 20°C per 
minute. 

The heating time is also dependent on the heating 
temperature and the batch size of microcapsules, among 
10 other factors. Generally speaking, however, the heating 

time is preferably about 24 to about 120 hours, still more 
preferably about 48 to about 120 hours, after the 
microcapsules themselves have reached the specified 
temperature. 

15 The heating method is not critical but any procedure 

conducive to a uniform heating of microcapsules can be 
employed. 

As specific examples of such procedure, there may be 

mentioned heating in a constant-temperature bath, a 
2 Q fluidized bed, a moving bed or a kiln, and microwave 

heating. The most preferred method is heating in a 

constant-temperature bath. 

By heating the microcapsules under reduced pressure 

after lyophilization, as stated above, the organic solvent 
2 5 is efficiently removed from the microcapsules, resulting in 

a biologically safe microcapsules. The residual organic 

solvent in the thus-obtained microcapsules is not more than 

about 100 ppm. 

30 The thus-obtained microcapsules can be administered, 

as such or in the form of various dosage forms of non-oral 
preparations (e.g., intramuscular, subcutaneous or visceral 
injections or indwellable preparations, nasal, rectal or 
uterine transmucosal preparations, etc.) or oral 

35 preparations (e.g., capsules such as hard capsules and soft 
capsules, etc.), or solid preparations such as granules and 
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powders, or liquid preparations such as syrups, emulsions 
and suspensions. 

An injectable preparation can be prepared by, for 
example, suspending microcapsules in water, along with a 
dispersing agent (e.g., Tween 80, HCO-60, carboxymethyl 
cellulose (including carboxymethyl cellulose sodium), 
sodium alginate, etc.), a preservative (e.g., methyl 
paraben, propyl paraben, etc.), an isotonizing agent (e.g., 
sodium chloride, mannitol, sorbitol, glucose, etc.) etc., 
to yield an aqueous suspension, or by dispersing it in a 
vegetable oil such as sesame oil or corn oil, or the like, 
to yield an oily suspension, whereby a practically usable 
sustained-release preparation is obtained. 

When microcapsules are used as an injectable 
suspension, for instance, their average particle size is 
chosen over the range from about 0.1 to about 500 ^m, as 
long as the requirements concerning degree of dispersion 
and needle passage are met. Preferably, the average 
particle size is about 1 to about 300 pm, and more 
preferably about 2 to about 200 //m. 

When the sustained-release preparation is 
microcapsules, by adding the osmotic pressure ad jus tor as 
mentioned above, its particle shape become better spheric 
shape which is better for needle pasage. 

Methods of preparing microcapsules as a sterile 
preparation include, but are not limited to, the method in 
which the entire production process is sterile, the method 
in which gamma rays are used as sterilant, and the method 
in which an antiseptic is added. 

The sustained-release preparation of the present 
invention is not significantly toxic and can be used safely 
in mammals (e.g., humans, bovines, swines, dogs, cats, 
mice, rats, rabbits, etc.). 

Although varying widely depending on kind, content and 
dosage form, and duration of release of the drug, target 
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disease (e.g., hormone-dependent diseases such as prostatic 
cancer, prostatic hypertrophy, endometriosis, uterine 
myoma, precocious puberty, breast cancer, bladder cancer, 
cervical cancer, chronic lymphocytic leukemia, chronic 
5 myelocytic leukemia, colorectal cancer, gastritis, 

hodgkin's disease, malignant melanoma, metastasis, multiple 
myeloma, non-hodgkin 1 s leukemia, non-small-cell lung 
cancer, ovarian cancer, peptic ulcer, serious fungal 
infection, small-cell lung cancer, valvular heart disease, 
10 mastopathy, polycystic ovary, infertility, controlled 

induction of ovaulation in women with chronic anovulation, 
acne, amenorrhea (e.g., secondary amenorrhea), ovarian and 
mammary cystic disease (including polycystic ovarian 
diseasea), gynecological cancer, ovarian hyperandrogenism 
15 and hirsutism, AIDS by rejuvenating the thymus to produce 
T-cells, male contraceptives for treatment of male sex 
offenders and in contraception, symptomatic relief of the 
premenstrural syndrome (PMS), in vitro fertilization), 
subject animal species and other factors, the dose of the 
20 sustained-release preparation may be set at any level, as 
long as the desired effect of the drug is obtained. The 
dose of the drug per administration can be chosen as 
appropriate over the range from about 0.01 mg to about 100 
xng/kg body weight, preferably from about 0.05 mg to about 
25 50 mg/kg body weight, and more preferably from about 0.1 mg 
to about 10 mg/kg body weight per adult, in the case of a 
1-month release preparation. 

The dose of the sustained-release preparation per 
administration can be chosen as appropriate within the 
30 range from about 0.1 mg to about 500 mg/kg body weight, 

preferably from about 0.2 mg to about 300 mg/kg body weight 
per adult. The frequency of administration can be chosen 
as appropriate, depending on kind, content and dosage form, 
duration of release of the drug, target disease, subject 
35 animal species and other factors, e.g., once every several 
weeks, once every month or once every several months. 
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Best Mode for Carrying out the Invention 

The present invention is hereinafter described in more 
detail by means of the following reference examples and 
working examples, which are not to be construed as 
limitative. In the examples below, % values are by weight, 
unless otherwise stated. 

Example 1 

500 mg of the acetate (produced by TAP Company) of N- 
(S)-2-tetrahydrofuroyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr- 
DLys ( Nic ) -Leu-Lys ( Nisp) -Pr o-DAlaNH 2 ( hereinafter referred 
to as peptide A) was dissolved in 0.6 ml of distilled 
water. The resulting solution was added to a solution of 
4.5 g of a lactic acid-glycolic acid copolymer (hereinafter 
referred to as PLGA) [produced by Wako Pure Chemical, 
Japan, lot. 940810; lactic acid/glycolic acid (molar 
ratio), 74/26, weight-average molecular weight based on 
GPC, 10,000; number-average molecular weight based on GPC, 
3,900; number-average molecular weight based on terminal 
group quantitation, 3,700] in 5.8 ml of dichloromethane, 
followed by homogenization for 60 seconds in a small 
homogenizer (produced by Kinematica Company) to yield a W/O 
emulsion. After being cooled to 16°C, the W/O emulsion was 
poured over 1,000 ml of a 0.1% aqueous solution of 
polyvinyl alcohol (EG-40, produced by The Nippon Synthetic 
Chemical Industry Co., Ltd.), previously adjusted to 16 P C, 
and then prepared as a W/O/W emulsion using a turbine type 
homomixer (produced by Tokushu Kika) at 7,000 rpm. This 
W/O/W emulsion was stirred at room temperature for 3 hours 
to volatilize off the dichloromethane and solidify the W/O 
emulsion, which was then centrifuged at 2,000 rpm using a 
centrifuge (05PR-22, Hitachi Limited). The resulting 
precipitate was again dispersed in distilled water, 
followed by centrif ugation and washing down of the free 
drug. After the collected microcapsules were again 
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dispersed in a small amount of distilled water r 0.3 g of D- 
mannitol was added to the dispersion, which was lyophilized 
to yield powdered microcapsules. The particle size 
distribution and peptide A content of the microcapsules 
were 5-60 //m and 9.5% (w/w), respectively. 

Example 2 

Microcapsules were obtained in the same manner as in 
Example 1, except that PLGA [produced by Wako Pure 
Chemical , lot. 940813; lactic acid/glycolic acid (molar 
ratio), 73/27; weight-average molecular weight based on 
GPC, 13,000; number-average molecular weight based on GPC, 
4,500; number-average molecular weight based on terminal 
group quantitation, 4,700 J was used. The particle size 
distribution and peptide A content of the microcapsules 
were 5-60 pact and 9.5% (w/w), respectively. 

Example 3 

Microcapsules were obtained in the same manner as in 
Example 1, except that PLGA [produced by Wako Pure 
Chemical, lot. 940808; lactic acid/glycolic acid (molar 
ratio), 74/26; weight-average molecular weight based on 
GPC, 7,800; number-average molecular weight based on GPC, 
3,500; number-average molecular weight based on terminal 
group quantitation, 3,000) was used. The particle size 
distribution and peptide A content of the microcapsules 
were 5-60 //m and 9.5% (w/w), respectively. 

Example 4 

Microcapsules were obtained in the same manner as in 
Example 1, except that the amount of peptide A acetate was 
794 mg. The particle size distribution and peptide A 
content of the microcapsules were 5-60 /m and 14.3% (w/w), 
respectively. 
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15 g of peptide A acetate was dissolved in 18 ml of 
distilled water. The resulting solution was added to a 
solution of 135 g of PLGA [produced by Wako Pure Chemical, 
lot. 940810; lactic acid/glycolic acid (molar ratio), 
74/26; weight-average molecular weight based on GPC, 
10,000; number-average molecular weight based on GPC, 
3,900; number -average molecular weight based on terminal 
group quantitation, 3,700) in 174 ml of dichloromethane, 
followed by homogenization in a homogenizer to yield a W/O 
emulsion. This W/O emulsion was poured over 30 1 of a 0.1% 
aqueous solution of polyvinyl alcohol (EG-40, produced by 
The Nippon Synthetic Chemical Industry Co., Ltd.), 
previously adjusted to 17°C, and was then prepared as a 
W/O/W emulsion using an in-line type homomixer. This W/O/W 
emulsion was stirred at room temperature to volatilize off 
the dichloromethane and solidify the w/O emulsion, which 
was then centrifuged. The resulting precipitate was washed 
with distilled water to remove the free drug. After the 
collected microcapsules were again dispersed in a small 
amount of distilled water, 13.5 g of D-mannitol was added 
to the dispersion, which was lyophilized and then dried 
under reduced pressure in a constant-temperature chamber at 
40-43°C for 19 hours, then at 42-44°C for 48 hours to yield 
powdered microcapsules. The particle size distribution and 
peptide A content of the microcapsules were 3-60 /m and 
8.7% (w/w), respectively. 

Example 6 

Microcapsules were obtained in the same manner as in 
Example 1, except that the acetate of NAcD2Nal-D4ClPhe- 
D3Pal-Ser-Tyr-DhArg ( Et 2 ) -Leu-hArg ( Et 2 ) -Pro-DAlaNH 2 (pro- 
duced by Syntex Company) was used in place of peptide A 
acetate. The particle size distribution and peptide 
content of the microcapsules were 5-60 fm and 9.4% (w/w), 
respectively. 
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Example 7 

857 mg of peptide A acetate was dissolved in 0.8 ml of 
distilled water. The resulting solution was added to a 
solution of 4.5 g of PL6A [produced by Wako Pure Chemical , 
lot. 950526; lactic acid/glycolic acid (molar ratio), 
74/26; weight-average molecular weight based on GPC, 
11,700; number-average molecular weight based on GPC r 
5,200; number -aver age molecular weight based on terminal 
group quantitation, 3,800) in 6 ml of dichloromethane, 
followed by homogenization in a homogenizer to yield a W/O 
emulsion. Microcapsules were obtained in the same manner 
as in Example 1, except that 0.5 g of D-mannitol was added 
to the dispersion, which was lyophilized to yield powdered 
microcapsules* The particle size distribution and peptide 
A content of the microcapsules were 5-60 //m and 11.7% 
(w/w) , respectively 

Example 8 

Microcapsules were obtained in the same manner as in 
Example 1, except that the amount of peptide A acetate was 
1125 mg, the amount of distilled water was 1.0 ml, the 
amount of dichloromethane was 6.3 ml. The particle size 
distribution and peptide A content of the microcapsules 
were 5-60 ptm and 11.7% (w/w), respectively. 

Example 9 

Microcapsules were obtained in the same manner as in 
Example 7, except that the amount of peptide A acetate was 
1421 mg, the amount of distilled water was 1.2 ml, the 
amount of dichloromethane was 6.7 ml. The particle size 
distribution and peptide A content of the microcapsules 
were 5-60 fan and 17.5% (w/w), respectively. 

Example 10 

Microcapsules were obtained in the same manner as in 
Example 8, except that 50 g of D-mannitol was added to 
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1,000 ml of the 0.1% aqueous solution of polyvinyl alcohol. 
The particle size distribution and peptide A content of the 
microcapsules were 5-60 fm and 14.7% (w/w) , respectively. 

Example 11 

Microcapsules were obtained in the same manner as in 
Example 9, except that 50 g of D-mannitol was added to 
l r 000 ml of the 0.1% aqueous solution of polyvinyl alcohol. 
The particle size distribution and peptide A content of the 
microcapsules were 5-60 /jm and 17.0% (w/w), respectively. 
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Reference Example 1 

1125 mg of peptide A and 4.5 g of PLGA [produced by 
Wako Pure Chemical, lot. 950526; lactic acid/glycolic acid 
(molar ratio), 74/26, weight-average molecular weight based 
on GPC, 11,700; number-average molecular weight based on 
GPC, 5,200; number -aver age molecular weight based on 
terminal group quantitation, 3,800] were dissolved in 6.0 
ml of dichloromethane. After being cooled to 16 P C, the 
solution was poured over 1,000 ml of a 0.1% aqueous 
solution of polyvinyl alcohol (EG-40, produced by The 
Nippon Synthetic Chemical Industry Co., Ltd.), previously 
adjusted to 16°C, and then prepared as a O/W emulsion using 
a turbine type homomixer (produced by Tokushu Kika) at 
7,000 rpm. This O/W emulsion was stirred at room 
temperature for 3 hours to volatilize off the 
dichloromethane, which was then centrifuged at 2,000 rpm 
using a centrifuge (05PR-22, Hitachi Limited). The 
resulting precipitate was again dispersed in distilled 
water, followed by centrif ugation and washing down of the 
free drug. After the collected microcapsules were again 
dispersed in a small amount of distilled water, 0.5 g of D- 
mannitol was added to the dispersion, which was lyophilized 
to yield powdered microcapsules. The particle size 
distribution and peptide A content of the microcapsules 
were 5-60 yum and 13.2% (w/w), respectively. 
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Reference Example 2 

Microcapsules were obtained in the same manner as in 
Reference Example 1, except that the amount of peptide A 
acetate was 1421 rag, the amount of dichloromethane was 6.2 
ml. The particle size distribution and peptide A content 
of the microcapsules were 5-60 /an and 15.9% (w/w) f 
respectively. 

Reference Example 3 

Microcapsules were obtained in the same manner as in 
Reference Example 2, except that 50 g of D-mannitol was 
added to 1,000 ml of the 0.1% aqueous solution of polyvinyl 
alcohol The particle size distribution and peptide A 
content of the microcapsules were 5-60 pan and 15.5% (w/w), 
respectively. 

Experimental Example 1 

About 20 mg of the microcapsules obtained in Example 4 
was dispersed in 0.5 ml of dispersing solvent (distilled 
water containing 2.5 mg of carboxymethyl cellulose, 0.5 mg 
of polysorbate 80 and 25 mg of mannitol dissolved therein), 
and injected subcutaneously to the backs of male SD rats at 
10 weeks of age, using a 22-G injection needle. After 
administration, rats were sacrificed at constant intervals; 
the remaining microcapsules were taken out from the 
injection site; microcapsules peptide A quantitation 
results are shown in Table 1. 
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Table 1 



10 



Time after 
Administration 


Ratio of Residual 
Peptide A (%) 


1 day 


96.4 


1 week 


84.8 


2 weeks 


59.2 


3 weeks 


38.8 


4 weeks 


24.6 



As shown in Table 1, the microcapsules obtained 
according to the production method of the present invention 
release peptide A constantly, with substantially no initial 
burst. 



Industrial Applicability 

According to the present Invention, a sustained- 
release preparation containing peptide [I] or a salt 
thereof can be obtained easily and at high recover rates. 



25 



30 
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CLAIMS 

1. A method of producing a sustained-release preparation, 
which comprises producing a W/O emulsion whose internal 
aqueous phase is a solution containing a bioactive peptide 
represented by the formula: 




CH2 CH2 CH2 CH2 CH2 (CH2)4 

I I I l I I 

XCH2CO-KH-CH-CO-MH-CH-CO-HH-CH-CO-NH-CH-CO-H-CH-CO-NH-CH-CO- 

(D) (D) Q (D) 



CH(CH3)2 MH-B 
I 1 

CH2 (CH2)4 pj CH3 

NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO-NH 2 

(D) 

wherein X represents a hydrogen atom or a tetrahydrof uryl- 
carboxamido; Q represents a hydrogen atom or methyl; A 
represents nicotinoyl or N,N'-diethylamidino; B represents 
isopropyl or N,N'-diethylamidino, or a salt thereof, and 
whose oil phase is a solution containing a biodegradable 
polymer having a free carboxyl group at one end, and adding 
the W/O emulsion into an external water phase to produce 
W/O/W emulsion. 

2. A method of claim l r wherein the biodegradable polymer 
is an aliphatic polyester. 

3. A method of claim 2, wherein the aliphatic polyester 
is a lactic acid-glycolic acid copolymer. 

4. A method of claim 3, wherein a composition ratio of 
lactic acid and glycolic acid is about 100/0 to about 40/60 
(mole%). 

5. A method of claim 3, wherein a weight-average 
molecular weight of the copolymer is about 5,000 to about 
25,000. 
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6. A method of claim 1, wherein a peptide concentration 
in the internal aqueous phase is about 0.1 to about 150% 
(w/v). 

7. A method of claim 1, wherein a polymer concentration 
in the oil phase is about 0.01 to about 80% (w/w). 

8. A method of claim 1, wherein a volume ratio of the 
internal aqueous and oil phase is about 1 to about 50% 
(v/v). 

9. A method of claim 1, wherein a volume of the external 
aqueous phase is about 1 to about 10,000 times that of the 
oil phase. 

10. A method of claim 1, wherein the preparation is 
microcapsules . 

11. A method of claim 1, wherein X is 2- 
tetrahydr of urylcarboxamido . 

12. A method of claim 11 , wherein the 2- 
tetrahydrof urylcarboxamido is ( 2S)-tetrahydrof urylcar- 
boxamido. 

13. A method of claim 1, wherein the peptide is of the 
formula: 



3D 

KH-CO 

CH2 CH2 CH2 CB2 ( CB2 ) 4 



CI uu 



-ra-CH2CO-HH-CH-CO-HH-CH-CO-NH-CH-CO-WH-CH-CO-N-CH-CO-NH-CH-CO- 
(D) (D) CH3 (D) 

CH(CH 3 ) 2 
CB(CB3)2 NB 

CB2 (CB 2 )4 pi CH 3 

HB-CH-CO-HH-CH-CO-H-CB-CO-HH-CH-CO-NH2 
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14. A method of claim 1, wherein the peptide is of the 
formula: 



Cl OH NH-CH2CH3 

C-H-CH2CH3 

NH 



CH 2 CH 2 CH 2 CH 2 CH 2 (^3)4 

CH3CO-NH-CH-CO-NH-CH-CO-NH-CH-CO-KH-CH-CO-N-CH-CO-KH-CH-CO- 
< D > CD) CH3 ( D ) 

NH-CH2CH3 

C-N-CH2CH3 

CH(CB3)2 HH 
l I 

CH2 (CH2)4 CH 3 

NH-CH-CO-NH-CH-CO-N-CH-CO-NH-CH-CO-NH2 

(D) 

15. A sustained-release preparation, which is produced by 
the method of claim 1. 

16. A preparation of claim 15, wherein a content ratio of 
the peptide is about 0.01 to about 50% (w/w) , relative to 
the polymer. 

17. A preparation of claim 15 , wherein the preparation is 
microcapsules . 

18. A preparation of claim 17 , wherein the microcapsules 
are for injection. 



INTERNATIONAL SEARCH REPORT 



Intr ' ioojJ Application No 

PLI'/JP 96/00990 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61K38/09 A61K9/16 A61K9/50 



Accorduig to fatereational Patent Qassification (IPC) or to both nation*! damfiooon and IPC 



B. FIELDS SEARCHED 



Mtmmt 

IPC 6 A61K 



(dasufication system foUowed by classification symbols) 



l documentation to the extent that such documents arc included in the fields searched 



I Electronic data base consulted during me 



search (name of data base and, where practical, search term* used) 



| C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant 



EP,A,0 601 799 (TAKEDA CHEMICAL INDUSTRIES 
LTD. ,JP) 15 June 1994 
cited in the application 
see claims 

see page 11, line 17 - line 46 

EP.A.0 413 209 (ABBOTT 
LABORATORIES.U.S.A.) 20 February 1991 
cited in the application 
see claims 

see page 20. line 14 - line 49 



Relevant to claim No. 



1-18 



1-18 



□ 



i of boa C. 



m 



family 



t of a ted c 



~T later document published after the international filing date 
or priority date and not m conflict with the application but 

f underlying the 



cited to 



t which may throw doubts on priority daimfs) or 
i a a ted to establish the pubbcafeon date of another 
citation or other special reason (as specified) 
"O* d ocument referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international films date but 
later than the priority date churned 



x document of particular relevance; the d aimed invenoon 
cannot be c ons id er ed novel or cannot be considered to 
involve an inventive step when the document is taken al 
*Y" document of particular relevance; the datmed invention 
t be co nsi d er ed to involve an inventive step when 



•A* 



merits, such coo 
in the art. 



I obvious to a person 



of the i 



Date of the 



7 May 1996 



of the ISA 

European Patent Office, P.B. SB 1 8 PatentUan 2 
NL - 2210 HV Rijswi* 
Td. (+11-70) 340.2040, Tx 31 651 epo of, 
F»(+ 31-70) 340-3016 




Scarponi, U 



Fans VCT/UW C~»m4 <J«ly 1992) 



NTE RN ATI ON AL SEARCH REPORT 

Information oo patent family members 



T ^ IB- 



PC l/JP 96/00090 



Patent document 


1 Publication 


Patent family 


Publication 


cited in search report 


5 aate 


member (t) 


due 


EP-A-601799 


15-06-94 


AU-B- 


5211393 


16-06-94 




CA-A- 


2110730 


08-06-94 






FI-A- 


935471 


08-06-94 






W0-A- 


9413317 


23-06-94 






JP-A- 


7097334 


11-04-95 






N0-A- 


934423 


08-06-94 






NZ-A- 


250349 


22-12-94 






US-A- 


5480868 


02-01-96 






CN-A- 


1096221 


14-12-94 






LT-A,B 
ZA-A- 


1526 


25-10-94 






9309163 


07-06-95 



EP-A-4 13209 


20-02-91 


US-A- 


5110904 


05-05-92 






AU-B- 


5789294 


26-05-94 






AU-B- 


6028690 


07-02-91 






CA-A- 


2022444 


08-02-91 






JP-A- 


3101695 


26-04-91 






US-A- 


5300492 


05-04-94 



Pom PCT/11A/21S <paftMt tmmMy an)} (My 1992) 



